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Management and Prognosis of Patients with High-Grade Soft Tissue Sarcomas

Introduction

Soft tissue sarcomas arc rare tumors of mesen-
chymal origin, which represent less than one percent
of all malignancies. They can occur in any part of
the human both, although most often in the
extremities. The etiology is unknown, but studies
from Sweden have indicated that exposure to
herbicides (phenoxy acids), chlorophenols. and
other chemicals may sometimes be of importance
(Hardell el al. 1979. 1988. Olsson et al. 1980.
Eriksson et al. 1981). There is strong evidence that
exposure to radiation can result in the development
of soft tissue sarcomas I Robinson et al. 1988).

Soft tissue sarcomas are a heterogeneous group of
tumors, with some M) different histologic types
characterized (En/inger et al. 1988. Angervall et al.
19X6. 1989). The most common type, malignant
fibrous histiocytoma. was defined only 25 years ago
(O'Brien et al. 1964). This, together with the fact
that other types have recently been defined, has led
to an ongoing major reclassification of older tumor
series. The tumors present a wide spectrum as
regards clinical course, even within the same
histologic type. Some tumors are easily controlled
by surgery alone, whereas others have a great
potential for both local recurrence and distant
metastases. The long term survival in most non-
population-based series is around 5()'Y (Shiu et al.
1975. Markhede et al. 1982. Berlin 1988). Higher
figures have been reported in population-based
series that include also patients with small and
superficial tumors; a group probably underrepre-
sented in the other studies (Rydholm 1983. Rööser
1987).

Surgery is the main treatment. Until recent
decades, amputation was considered the safest
procedure, because limb preservation was often
followed by local recurrence. A better under-
standing of the inf'iltrative growth pattern, the
observation that soft tissue sarcomas respect fascial
structures (Stener 1978). and the improved imaging
techniques with CT and MRI (Pettersson et al. 1987.
Pettersson 1989) have made limb-sparing surgery
possible in the majority of cases. In Sweden, special
techniques lor this type of surgery have been
developed. By avoiding open biopsy, which
increases the risk of local recurrence (Berlin 1988).
I he surgical margins can be kepi less extensive,
which saves function. With this approach, the
majority of patients can be treated without radio-

therapy (Stener 1978. 1979. 1989. Rydholm et al.
1986. I9S7).

A reliable preoperative diagnosis with minor risk
for tumor spread can also be obtained with fine
needle aspiration cytology omitting open biopsy
(Åkerman 1988. 1989). However, at most centers,
open biopsy is still considered necessary for diag-
nosis, and limb-sparing surgery is often routinely
combined with radiotherapy (Lindberg 1985. Suit el
al. 1985. Potter et al. 1986. Blomqvist et al. 1989.
Suit 1989). An explanation for this variation in the
use of radiotherapy is that there is no consensus as
regards the local recurrence risk after different
surgical margins with or without prior open biopsy
and whether the risk is influenced aiso by the
histologic type and the malignancy grade of the
tumor.

Despite local tumor control, many patients
develop distant metastatic disease, primarily in the
lungs. Thoracic surgery has been of limited value.
Unlike the situation for osteosarcoma and Hwing's
sarcoma, adjuvant chemotherapy for soft tissue sar-
coma has not been successful (Antman et al. 1984.
Wilson et al. 1986. Baker 1988. Eilber et al. 1988).
One major difficulty has been to identify the high
risk patients who might benefit from such treatment.
In contrast to classic osteosarcoma and Ewing's
sarcoma, which by histologic type are high-grade
malignant, the prognosis in soft tissue sarcomas is
often not determined only by histologic type: the
histologic malignancy grade is a stronger factor.
Different scales (2-. 3-, 4-grade) exist. All systems
are at least in part subjective, which implies that
considerable experience is required to obtain
reproducible results. Tumor size is another im-
portant factor (Hajdu 1979. De Slefani et al. 1982.
Trojani et al. 1984. Rydholm et al. 1984. Chase et
a!.!985. Potter et al. 1986). During recent years,
histologic variables such as tumor necrosis and
vascular invasion, as well as cellular DNA content
have also been reported to be of prognostic value
(De Slefani el al. 1982. Costa el al. 1984. Trojani el
al. 1984. Kreicbergs et al. 1988. Rööser et al. 1988).
Cytogenetic studies have revealed tumor-specific
changes (Mandahl et al. 1989).

Further analysis of the relative importance of
these factors is required for heller discrimination
between patients with a good or bad prognosis.
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The Scandinavian Sarcoma Group

Diagnosis and treatment of soft tissue sarcoma
patients require cooperation between the cytologist.
the pathologist, the radiologist, the surgeon, and the
pediatnc. medical, and radiation oncologist. Only a
few such teams existed in Scandinavia during the
1970s. With the inception of the Scandinavian
Sarcoma Group (SSG) in 1979. several new teams
were initiated, each with regional responsibility for
centralized treatment of sarcoma patients. At the
first four meetings in 1979 and 1980 (Oslo. Lund.
Malmö. Copenhagen), the members of the Scandi-
navian Sarcoma Group discussed and agreed on the
principles of epidemiologic investigations, diag-
nostic procedures, and treatment of high-grade soft
tissue sarcoma. In the late 1970s, doxorubicin
seemed to be the most active single drug in the
treatment of metastatic soft tissue sarcoma (Pinedo
et al. 1977). Improved survival was reported from
nonrandomi/ed studies for soft tissue sarcomas
using adjuvant doxorubicin-containing regimens
(Pinedo et al. 1979. Amman et al. I980). Limited
data existed on randomized adjuvant studies.

Therefore, the Scandinavian Sarcoma Group
decided to evaluate the efficacy of adjuvant single
drug doxorubicin chemotherapy in patients with soft
tissue sarcoma of Grades III and IV in a randomized
multicenter joint care program. Guidelines for
pathology, surgery, radiotherapy and chemotherapy,
and follow-up were worked out, as well as ques-
tionnaires for an epidemiologic study. The first
treatment protocol was activated in January, 1981:
Adjuvant chemotherapy in soft tissue sarcoma
(Grades III and IV)—trial SSG I (Working Com-
mittee SSG 1981).

The 240 patients included in this trial comprise
the base series for the studies summarized in this
thesis.

Aims of the present study

The aims of the present study were, within the
framework of a Scandinavian, multicenter, random-
ized, joint care program for patients with high-grade
soft tissue sarcomas, to

• evaluate patient accrual;

• identify epidemiologic risk factors (I):

• investigate the accuracy of tumor typing and
malignancy grading (II):

• investigate the importance of surgical margins
and radiotherapy for local tumor control (III):

• investigate the effect of adjuvant chemotherapy
with single agent doxorubicin on metastasis-free
survival and survival (IV):

• investigate prognostic factors (V). including
cellular DNA content (VI).
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Incidence and patient accrual

Scandinavia
The incidence of soft tissue sarcomas are similar in
the Scandinavian countries, with an average age
standardized incidence of 1.7 x IO5 for males and
1.5 x IO--S for females (world reference population).
The highest rates. 2.7 x 10"5 in both males and
females are seen in Iceland. The male:fetnaSe ratio
varies from 1.0 in Iceland to 1.3 in Norway.

Mapping of the incidence by county for the time
period 1970 to 1979 does not show any distinctive
pattern of high incidence, except for the Reykjavik
area in Iceland (Mailer-Jensen et al. 1988).

The age-standardized incidence (world reference
population) for males is 2.0 x 10"' and for females
1.7 x 10"5. These incidence rates have been rather
stable during the past 20 years. The age-specific
incidence in males reaches a peak in the age groups
80 years and above, whereas the maximum is about
10 years earlier for females.

To estimate the accrual rates of patients to the
SSG l-lrial. the patients from Sweden in the study
were matched with data from the Swedish cancer
registry comprising the records with the site code
ICD-7 = 197. corresponding to tumors of connective
tissue and muscle, for the time period 1981 to 1985.
A total of 1.269 patients with this type of tumor

were identified. After selecting those patients for
whom no pt * ious malignancy was recorded. I.I 16
patients remained. Of these. 585 belonged to the age
group 15 to 70 years, and thus fulfilled one of the
entrance criteria for the study. The patient accrual,
by tumor site and health care region, is given in
Table I.

The accrual rate amounted to 18% for Sweden as
a whole, while on the regional level the rates ranged
from 7% in the Linköping region to 33% in the
Gothenburg region. Furthermore, it is obvious that
the tumor sites by tradition usually treated at
departments of orthopedics showed the highest
accrual rale. i.e.. 16% of tumors of the upper limb
and 32% of tumors of the lower limb.

A validity check was carried out as regards
completeness and coding in the Swedish cancer
registry. Of the original 121 patients from Sweden
in the study. 12 cases were not found in the
extracted cancer registry file. For 5 cases, this was
due to the dale of diagnosis in the registry being
outside the period 1/1/81 to 12/31/85. and in 7 cases
a code number for site other than ICD-7 = 197 was
recorded. Thus, no underreporting was found.

When comparing the coding for site, discrep-
ancies were found in 10 cases. In 6 cases adjacent
regions were indicated, while in two cases an
erroneous code number was assigned in the tumor
registry and in two cases an unspecified site was
given, since .sufficient data to permit a specific
coding was not obtained.

As regards coding of histology, the codes in the

Table 1. The patient accrual by tumor site and health care region in Sweden. 1981-1985

Tumor
SiM (ICD-7)

Stockholm- ( & • * » - Linköping Lung- Göteborg Urna* Total
Gotland Örebro Malmö

1970
rwao, race ano necK

1971
Trunk

1972

1973

1974

1977,1978,1979
Other, rnuWple
and unspecified

ICD-7 - Total 197

1/8

2/22

4/24

9/48

-/12

2/14

18/126

-n

1/25

»39

1/15

-/16

11/106

3/20

1/13

4/55

2/13

4/16

1*5»

HZT

1/6

-V3

2/13

4/10

31/52

1/21

-/15

2/11

3/35

4/65

15/92

603 77/239

3/92

3/62

26/132 38/114 802 105/585
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Umeå

Stockholm

Göteborg

Figure 1. Proportion of patients with soft tissue sarcoma
located in the extremities entering the study from different
Swedish health care regions.

cancer registry were compared with those initially
reported in the study. Fifteen cases with discrepant
codes were found. Out of these, 7 cases had different
specific histologic subtypes in the two registers,
while 8 had a nonspecific code in one of the

registers (cancer registry 4; study data base 4). Thus,
coding of histologic type had a validity of about
90% in the cancer registry.

Southern Swedish Health Care Region
A special data base of sarcoma patients from the
Southern Swedish Health Care Region has been set
up jointly by the Southern Swedish Regional Tumor
Registry and the Orthopedic Oncology Group in
Lund. This data base comprises 500 patients as of
August 1989 with soft tissue sarcomas in the
extremities or trunk diagnosed since 1964. The data
are population-based; all patients in the Southern
Swedish Health Care Region with 1.5 million
inhabitants are included, irrespective of whether
treated at the center or at local hospitals. Pertinent
data have been collected from the medical records,
available for all patients, and all the pathologic
slides have been reexamined as regards histologic
type and malignancy grade. There is a continuously
updated follow-up for all patients.

From this data base, it could be evaluated that of
the 75 patients from the region that fulfilled the
criteria of age and no previous malignancy in the
cancer registry, 16 (21%) had tumors of Grades I—11.
and 4 (5%) developed distant metastatic disease
before randomization after local treatment, including
radiotherapy. This means that the accrual rate from
the region increased to 42%, and. assuming the same
proportion of these two ineligibility criteria in the
other regions, the total rate for Sweden could be
estimated to be 24%.

It might be of interest to note, that out of the
remair g 32 patients not entering the study from
the F.,. ;rn Swedish Health Care Region, 6 tumors
(890 were found to be nonsarcomatous tumors, 3
tumors (4%) had sites other than extremity, 3 tumors
(4%) were subcutaneous leiomyosarcoma, 7 patients
(990 had medical contraindications to doxorubicin
treatment, and one patient refused to participate in
randomization. Two additional patients did not be-
long to our region.
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Patients

Patient series

From January 1. 198 i to February 28, 1986. 240
patients were included in the adjuvant doxorubicin
trial and these patients form the basis for the
following studies (Series 1-5) as summarized in

Figure 2. About equal numbers of patients entered
the trial annually.

Series ! (Total) comprised all 240 patients.
Patient characteristics are summarized in Table 2,
IV. Fifty-nine patients (25%) were not evaluable for

Low-grade
and non-sarcoma 18
Metastasis, 2nd malign. 13

Head and neck 5
Visceral, retroperitoneal 14
DNA-content noi analyzed 25
No tumor tissue 7
DNA-histogram
uninterpretable 10

AM

' 148

Series 5
DNA-content

Ineligible patients 59
Marginal surgery +
radiotherapy 17
Head and neck 4
Thorax 3
Trunk 7
Abdomen 12

185
Series 2
Surgery

-55

/ 240 \
( Series 1

V Total j

-102

138
Series 4

Prognosis

Non-extremity 39
Non-sarcomatous tumor 12
Surgery for local
recurrence 4

\
181

Series 3

Chemotherapy

I
Low-grade
and non-sarcoma 20
Metastasis, 2nd malign. 14
Marginal surgery 34
Preoperative radiotherapy 1

I'
i?

These patients were randomized but were found ineligible after review
of clinical, pathologic, and surgical reports, in 10 patients for more than one reason.

Figure 2 Patient material and selection of patients for various studies (Series 1-5).

Series 1 (Total, n 240):

Series 2 (Surgery, n 185):
Series 3 (Chemotherapy, n 181):
Series 4 (Prognosis, n 138):
Series 5 (DNA content, n 148):

Accrual rate (p. 3), epidemiologic risk factor analyses (I), review of tumor typing and malig-
nancy grading (II). and adjuvant chemotherapy analysis (IV) for all randomized patients.
Importance of the surgical margin for local tumor control (III).
Efficacy of adjuvant chemotherapy (IV).
Prognostic factors (V).
DNAploidy(VI).
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the following reasons: review of type and grade
made 20 patients noneligible, 10 patients had distant
metasiases at diagnosis and 4 patients had different
previous cr concomitant malignancy. Thirty-four
patients were noneligible after reclassification of the
surgical margin. One patient received preoperative
radiotherapy. Ten patients had more than one ex-
clusion criteria. Thus, 181 patients were evaluable
for the adjuvant chemotherapy study (Series 3).
Follow-up for this study was concluded on Sep-
tember 30, 1988, which means a possible minimum
observation time of 32 months for all the patients.
No patient was lost to follow-up.

Senes 2 (Surgery) included the 185 of the 240
randomized patients with extremity localized high-
grade soft tissue sarcoma (III) who had obtained a
marginal, wide, or compartmentai margin by local or
ablative surgery. Excluded were tumors of nonsar-
comatous type, lower malignancy grades and other
than extremity locations. There were 101 males and
84 females eligible for analysis of the importance of
the surgical margin and radiotherapy for local tumor
control.

Series J (Chemotherapy) included the 181 evalu-
uble patients with Grades III and IV soft tissue

sarcoma of the locomotor system, head and neck,
viscera, and retroperitoneum. Out of the 181 evalu-
able patients, 91 males and 90 females, 154 had a
radical operation and 93 received chemotherapy
(Table 2, IV).

Series 4 (Prognosis) included the 138 of the 240
randomized patients who had obtained a wide or
compartmentai margin by local or ablative surgery
(V). Excluded were 59 ineligible patients for the
randomized trial, 17 patients with marginal surgery
and radiotherapy, and 26 patients with other than
extremity locations. There were 73 males and 65
females eligible for a multivariate analysis of risk
factors for the occurrence of distant metastases.

Series 5 (DNA content) included 148 of the 240
randomized patients (VI). Excluded were 18 nonsar-
comatous and low-grade tumors, 13 patients with
metastasis and previous malignancy, 19 patients
with other than extremity and trunk locations, 25
tumors not DNA investigated, seven samples not
containing sarcoma tissue material, and 10 with
noninterpretable DNA histograms. There were 79
males and 69 females eligible for the study of DNA
content and prognosis of high-grade soft tissue
sarcoma.
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Methods

Epidemiologic risk factors

The epidemiologic study (I) comprised three parts:
Study A. A written questionnaire, including ques-

tions on education, life-time occupations, family
history of malignant disease, exposure to ionizing
irradiation, and trauma was handed out to the
patients by the treating physician and returned to the
SSG-secretariat after completion. The information
from the questionnaire was coded and added to the
other information collected in the trial, e.g., tumor
characteristics (tumor size, tumor site, histopathol-
ogy, malignancy grade, DNA ploidy), sex, and age.
The patients included in study A comprise the base
series to identify patients for further studies (B and
C) and for the investigation of possible epidemio-
logic risk factors.

Study B. A case-control study, including cases
within the trial from Sweden and Finland returning
the questionnaire, was performed to investigate if
some specific exposures increase the risk of soft
tissue sarcomas. The factors considered included
exposure to phenoxy acids, organic solvents, tobac-
co and alcohol use, and a family history of cancer.
Three referents were matched to each of the cases
on parish, age, and sex. Patients and referents were
interviewed over the telephone by trained inter-
viewers following a structured scheme. To be classi-
fied as exposed to phenoxy acids, at least one week
of daily occupational exposure was required, while
to be classified as solvent exposed, a minimum of
daily, occupational exposure for at least one year
was required. Exposure within 5 years of diagnosis
was ignored.

Study C. A case-control study including all
Swedish cases was performed. They were matched
with three referents from the general population. For
cases and referents, occupational information was
obtained from the Swedish censuses of I960, 1970,
and 1980. By using these data, an attempt was made
to relate occupational factors to the risk of soft
tissue sarcoma in a more unbiased fashion (to mini-
mize recall bias).

Pathology

Soft tissue sarcomas eligible for the trial included
malignant mesenchymal tumors of the trunk, ex-
tremities, and tumors in the head and neck region,
viscera, and retroperitoneum. Tumors of the heart
were not included in the trial.

Histologic type was determined in accordance
with the WHO International Reference Centre for
Histological Definition and Classification of Soft
Tissue Tumors (Enzinger et al. 1969).

Histologic malignancy grading in Finland, Nor-
way, and Sweden was determined on a four-grade
scale (Broders et al. 1939, Broders 1964, Kindblom
et al. 1975, Angervall 1981, Markhede et al. 1982,
Merck et al. 1983, Rydholm et al. !984, Angervall
et al. 1986, Rööser 1987, Berlin 1988). Only high-
grade tumors (Grades III and IV) were accepted for
the trial. Histologic malignancy grading was deter-
mined on a three-grade scale in Denmark (Myhre-
Jensen et al. 1983) and only Grade III was accepted
for the trial. All the specimens were reviewed by the
Scandinavian Sarcoma Group Pathology Panel and
regraded on a four-grade scale.

Figure 3. Tumor necrosis (11 mm) in a 9-cm-large, Grade III,
aneuploid. malignant Schwannoma tumor in the axilla. The
primary tumor was marginally excised. The patient died 17
months after the diagnosis of the primary tumor with local
recurrence and distant metastases (Case 226, see coded
data).
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Intratumoral vascular invasion + in a 7 cm large. Grade IV.
euploid. anaplastic small cell unclassified soft tissue
sarcoma in the shoulder of a 31 year-old man. The primary
tumor was excised with a wide margin. There were no "signs
of disease 6 years after diagnosis of the primary tumor
(Case 126).

Intratumoral vascular invasion ++ in a 14 cm large, Grade IV,
aneuploid, extraskeletal chondrosarcoma in the thigh of a
32-year-old man. The primary tumor was excised with a wide
margin. The patient died one year after diagnosis of the
primary tumor with local recurrence and distant metastasis
(Case 221).

Figure 4. Illustration of intratumoral vascular invasion + and ++ used as parameter in the multivariate analysis of prognostic
factors.

Junior necrosis was determined microscopically
on slides from different parts of the tumor (Figure
3). The extent of necrosis was defined as the length
in millimeters of the longest cross-section of ne-
crosis. Only areas of coagulation necrosis, with or
without leukocytic infiltration, were taken into
account. Tumors with no necrosis or necrosis less
than 5 mm were classified as nonnecrotic. Two
categories of necrosis were used (5-16 mm and >I7
mm) in the multivariate analysis for prognostic
factors. This categorization best separated patients
as regards prognosis.

Vascular invasion ++ was defined as microscopic
evidence of tumor extension into the lumen and/or
through the wall of a blood or lymphatic vessel of
any dimension with distinct endothelial lining.
Vascular invasion + was defined as tumor pro-
liferation in spaces with necrotic walls (necrotic
tumor) or in spaces with questionable endothelial
lining (Figure 4).

Classification of tumor necrosis, vascular inva-
sion, and determinations of representative tumor
samples for the DNA content analyses were per-
formed retrospectively by N. (). Berg. Department
of Pathology, University Hospital. Lund, coordi-
nator of the Scandinavian Sarcoma Group Pathology
Panel.

DNA analysis

Flow cytometric (FCM) DNA analyses were per-
formed on nuclear suspensions prepared by disinte-
grating formalin-fixed, paraffin-embedded tissue.
From each sample, one paraffin block was selected.
A 100 \un and an adjacent 5 UJTI section were cut
from each block. The I(K) \uw section was deparaf-
fini/.ed and disintegrated for FCM analysis. The 5-
[\m section was stained with Hematoxylin and Eosin
for histopathologieal examination and was used as a
control to ascertain that sarcoma tissue was ana-
lyzed.

The preparation of single-cell suspensions from
paraffin-embedded tissue was based on the method
of Hedley et al. 1983 with slight modifications
(Bauer et al. 19SA. Kreicbergs et al. 19X7, Ferno et
al, 1989). Histograms of a single peak representing
GO/GI cells were grouped into four types (Types
\^\) with regard to statistical parameters, i.e.. the
coefficient of variation (CV) and the skewness of
the GO/GI peak. Histograms showing a single DNA
distribution with a narrow and Gaussian GO/GI
peak were classified as diploid (DNA index (Dl) =
1.00: Type I). If the peak showed a broad and
Gaussian (Type 2 »or a skewed distribution (Types 3
and 4), a possible constellation of two individual
GO/GI peaks was assumed (Hedley et al. 19X3.
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Look et al. IVSS). These I>pes (2. . \ ami 4) were

called "peridiploid." Samples were classified as te-

traploid (Type 5) if the number of events in the 4N

peak region exceeded 20' i of the t<>lal diploid DNA

distribution. In addition, a G2 peak should be visible

in the octaploid region (Ewers et al. 1984).

Diploid and tetruploid tumors (Types I and 5)

were classified as euploid. whereas samples with

histograms of Types f> and 7 were classified as aneu-

ploid tumors. For the latter two types, the Dl of the

abnormal population was calculated using the

diploid peak, the first peak appearing to the left in

these histograms, as the reference. Because DNA

histograms of Types 2. 3. and 4 indicate a possible

Epineurium of
Sciatic Nerve

Semitendinosus " ^ f t ^' Fascia Lata

^ \

C Subcutaneous Fat
Figure 5 Compartmentai surgery without previous biopsy (reproduced with permission from Ada Oncologica and Bertil
Stener).
A In a 51 year-old woman (Case 105). who had noticed a mass growing posteriorly in the left thigh. CT revealed a tumor in the
long head of the biceps femons muscle whose fascial confinement had apparently been respected.
B. Contrast enhancement showed that the tumor was highly vascular, but that it also contained areas with an attenuation
similar to that of fat It was concluded that the tumor was probably a liposarcoma, partly lipoma-like.
C. The affected muscle was removed from origin to insertion along with its fascial confinement and, as an extra margin, the
specimen included the semitendinosus muscle, subcutaneous fat with the underlying fascia lata. parts of the vastus lateralis
and adductor magnus muscle, and the epineurium of the sciatic nerve
D Transverse section of the surgical specimen. Histopathologic examination showed a Grade III liposarcoma (four-grade
scale) Thu patient has been continuously free from tumor for 6 years She has virtually no loss of function. A radical margin
after mcisional biopsy would have involved the removal of the entire flexor compartment of the thigh including the sciatic nerve.
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aneuploidy (Rodenburg et al. 1987), tumors of these
types were first examined as a separate group in the
univariate prognostic analysis. On the basis of this
evaluation, it was decided which ploidy status
should be used for this group of tumors in the
prognostic analysis. This study was retrospective.
For details as regards the DNA analysis, see VI.

Surgery

The surgical margin obtained by local or ablative
surgery was classified as marginal, wide, or com-
partmental according to Stener (1979), and the SSG
Working Committee (1981). Radical operations
were defined as wide and compartmental excisions
and wide and compartmental amputations. Non-
radical operations were defined as marginal exci-
sions and amputations. For details, see III. The
reported classification of surgical margin was re-
viewed by the Surgical Panel of the Scandinavian
Sarcoma Group at annual meetings without know-
ledge of the clinical course. Compartmental removal
of a malignant soft tissue tumor without previous
biopsy is shown in Figure 5. Postoperative radio-
therapy is not indicated in this case.

Postoperative radiotherapy

Postoperative radiotherapy was given if the ope-
ration was primarily classified as marginal. In 19
cases, a primarily reported wide or compartmental
margin was, at review, reclassified as marginal.
These patients were not given radiotherapy. Target
volume for radiotherapy included the entire tumor-
involved anatomic structure with appropriate mar-
gins, depending on tun.or site. Anatomic compart-
ment volumes were defined for extremity localized
deep-seated intracompartmental tumors. Irradiation
of the entire circumference was avoided. For non-
extremity-localized tumors, the margin was defined
to include possible local tumor invasion and to
account for physiologic movement and variation in
size during therapy. The definition of the target was
based on all available information, including
preoperative examination and CT, by reviewing the
operative and pathologic reports, and sometimes
with aid of radiopaque clips placed by the surgeon
at the periphery of the operative field. Surgical scars
and drainage canals were included in the target. Two
opposing beams were usually used, and mega-
voltage radiation quality was employed (Cobalt-60-
8MV photons). The specified target-absorbed dose
was 51 Gy/17 fractions/24 days (Cumulative Radia-

A. Based on clinical, radiologic, and cytologic findings, a
high-grade liposarcoma was diagnosed. Chest radiographs
were normal. Open biopsy was not performed. Whether or
not the tumor was intramuscular (long head of the biceps
femoris muscle) and surrounded by muscle fascia could not
be determined by the CT examination.

Figure 6. Marginal surgery and postoperative radiotherapy.

A 38-year-old man (Case 96) had noted a painless mass in the posterior thigh.
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B Fire needle aspiration cytology (M. Åkerman). Part of a
highly cellular smear composed of closely packed rounded
or oval tumor cells with rounc1^ nuclei, many of which
contain 1-2 prominent nucleoli. Many cells look like lipo-
blasts with a sparse multivacuolated cytoplasm with the
vacuoles partly surrounding a scalloped nucleus.

C. At operation, the medial part of the tumor was found
embedded in the long head of the biceps muscle. The lateral
part of the tumor protruded out of the muscle and was
covered by a thin membrane; whether this was muscle
fascia or a tumor pseudocapsule was uncertain. The tumor
and the long muscle head was removed en bloc. Micro-
scopic examination showed a Grade IV liposarcoma.
Whether the tumor had arisen intramuscularly or extramus-
cularly could not be determined. There was no fascial con-
tainment of the tumor in me lateral part. The margin was
thus classified as marginal and radiotherapy was given. The
specified target absorbed dose was 51 Gy/17 fractions/24
days

At the latest follow-up, 7 years after the operation, the
patient was free of tumor and had normal function.

Sciatic nerve

Excision border | \Biceps muscle

Muscle fascia

D. Multiple-plane display of 4 of the 8 CT sections taken
before surgery. In each section, the external contour and
outlines of bone, muscle compartments and gross tumor are
visualized.

E. Volumetric image constructed from the outlines in the 8
CT sections described in D. The most proximal and distal
sections are shown with a gray scale. The femur is dis-
played as a solid structure (white), as well as the gross
tumor (pink), while the biceps muscle is displayed as a
semitransparent structure (magenta). The spatial relation-
ship of these structures can easily be conceived. The
orientation of the image is given by the patient related
cooidinate system (L = Left; R = Righi; S = Superior; I = In-
ferior; A = Anterior; P = Posterior).
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G. Three-dimensional display of treatment geometry. The
geometric limits of the two beams are displayed in green
(beam no. 1) and red (beam no. 2). Sagittal section through
the femur constructed from 55 transverse CT sections, of
which three are shown.

F. Transversal section through the central part of the target
volume. The entire cross-section of the posterior compart-
rneni is defined as target volume. Radiation is given by two
opposing beams, beam directions 90 and 270 . re-
spectively. Radiation of the entire cross-section of the thigh
is avoided. The numbers indicate percentage dose levels for
the individual isodose curves. The target absorbed dose was
specified to the 160% isodose.

H. Position of the patient during radiotherapy.

* Figures 6D-6G were produced in collaboration with Inger-
Lena Lamm, Ph.D., Department of Radiation Physics. Uni-
versity of Lund.

.', Radical

Surgery (

' Marginal+RT
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, Doxorubicin

Control
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Control

Series
Group (

Group II

Group III

Group IV

1

103

103

18

16

240

2
77

77

16

11

181

Figure 7 Randomization and treatment scheme (240 patients).



Management and Prognosis of Patients vith High-Grade Soft Tissue Sarcomas 13

tion Effect. CRE = 18.2). For retroperitoneal tumors,
the recommended target dose was 42 Gy/17
fractions/24 days (CRE = 15.0).

Marginal excision of a malignant soft tissue tumor
followed by rad>otherapy is illustrated in Figure 6.

Adjuvant chemotherapy

Design of the study. Randomization was performed
at the center secretariat by permutation of blocks of
four (Figure 7). Patients were stratified by institu-
tion, surgical margin (radical/nonradical) and viscer-
al/nun visceral site.

Eligibility criteria. Patients were eligible for treat-
ment if they were between 15 and 70 years of age
and had a surgically removed, localized, histo-
logically verified high-grade soft tissue sarcoma.
There should be no evidence of metastatic disease at
the time of diagnosis. Physical examination, chest
radiographs, and laboratory tests were performed in
all randomized patients. There should be no history
of other type of malignancy except basal cell
carcinoma of the skin and no previous chemo-
therapy or radiotherapy. In spite of the age criterion,
four patients over 70 years of age were included.

Chemotherapy regimen. The chemotherapy con-
sisted of nine cycles doxorubicin (Adriamycin®)
60mg/m2 administrated as an i.v. bolus every four
weeks. Chemotherapy started within 6 weeks after
the operation or, for patients who received postoper-
ative radiotherapy, within 10 weeks, but not sooner
than one week after termination of radiotherapy.

Dose intensity. The dose given relative to the pre-
scribed dose was analyzed for all the patients who
received more than two cycles of chemotherapy, and
the dose intensity was expressed as mg/mVweek.

Follow-up. Clinical examination and radiographs
of the lungs were made every third month during the
first 2 years, then every sixth month up to 5 years
and thereafter once a year for up to 10 years. No
patient was lost to follow-up, which was concluded
for this report on September 30, 1988.

Statistics

The trial was initially designed for an accrual period
of 3 years with one additional year of follow-up. To
detect a projected increase in the 5-year survival
from 50% to 70% with 5% significance and 80%
power, 280 patients were required.

The statistical analysis was performed by the
Kaplan-Meier method, /'-values were calculated ac-
cording to generalized Wilcoxon statistics.

Metastasis-free survival was defined as the period
between randomization date (the time interval be-
tween diagnosis and randomization date was on
average six weeks) and the date of the first occur-
rence of distant metastases or end of follow-up.
Overall survival was defined as the period between
randomization date and the date of death or end of
follow-up.

Simultaneous analyses of several risk factors for
distant metastases were performed using the Cox's
proportional hazards model with P-values calculated
for Wald statistics. The internal independence
among the risk factors was tested using chi-square
tests. When evaluating a number of tests simul-
taneously the nominal P-value does not correspond
directly with the risk of obtaining a false positive
result. With the Bonferroni method (Jones et al.
1982) the level of significance can be adjusted to
account for simultaneous inference by dividing the
nominal significant level with the number of per-
formed tests.

For the epidemiologic studies, correlations were
studied by Spearman's rank correlation.

Exposure to epidemiologic risk factors was eval-
uated with the Mantel-Haenszel method and with
confidence intervals calculated according to Miel-
tinen (1970). Conditional logistic regression and
analysis of covariance were used in multivariate
modeling (Storer et al, 1983).

The statistical analyses were performed by J.
Ranstam, M.A., Scandinavian Sarcoma Group, and
the Southern Swedish Regional Tumor Registry,
University of Lund.
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Results

Epidemiologic investigations (I)

Study A. A relationship between extremity location
of the sarcoma and a history of trauma, and oc-
cupations in farming, forestry, and gardening was
found. In addition, these occupations and old age
were associated with higher frequency of aneuploid
tumors. Furthermore, patients with nonextremity
tumors more often had lived in larger towns.
Occupational exposure to solvents, alcohol, and
smoking were not risk factors. Sarcomas developed
within previously irradiated areas in 3 patients with
a latency time of 14-33 years (although previous
irradiation was an ineligibility criterion).

Study B. Except for an isolated finding of a pro-
tective effect in current smokers (OR 0.3). no risk
factor showed a statistical significant deviation from
unity. There was limited support for exposure to
phenoxy acids as a risk factor (OR 2.4). First-gene-
ration relatives had an increased risk for malignant
tumors {OR 1.9).

Study C. Cases were somewhat less likely to have
had their occupation in forestry, horticulture or
farming (OR 0.4). Occupations leading to a sub-
stantial chemical exposure were also less likely
among the cases (OR 0.3), while occupations indi-
cating white-collar work were somewhat more
common among cases (OR 1.2). None of the above
findings was statistically significant. The findings
were essentially the same regardless of type of
referent. A validity check of occupational infor-
mation through the censuses suggested that only
5-10% of all lifetime occupations were covered by
the information in the I960. 1970, and 1980 cen-
suses.

In summary, there was limited support for expo-
sure to phenoxy acids as an epidemiologic risk
factor. Malignant tumors in first-degree relatives
increased the risk for sarcoma. Sarcomas developed
within a previously irradiated area in 3%. Occu-
pational exposure to solvents, alcohol consumption,
and smoking were not risk factors. Epidemiologic
variables associated with certain tumor charac-
teristics were old age and ancuploidy. occupation in
farming, forestry or horticulture, and aneuploidy.
trauma, and exirernity sarcoma.

Histopathology peer review (II, Series 1)

Histopathotogic type. Of the reviewed 240 tumors.
14 (5%) were reclassified as benign or nonsar-
comatous tumors. Sixty-one were reclassified as
regards sarcoma tumor type. The most common type
was malignant fibrous histiocytoma (40%), followed
by synovial sarcoma (15%), leiomyosarcoma (9c/r),
liposarcoma (8%), and malignant Schwannoma (6%).

Malignancy grade. Of the originally reported 92
Grade III tumors on the four-grade scale, 5 were
regraded as Grade 0 (benign or uncertain malignant
lesion), 6 as Grade ! or Ii, and 35 as Grade IV
tumors. Of the originally reported 46 Grade HI
tumors on the three-grade scale, 6 were regraded as
Grade 0.1 or H, and 28 as Grade IV tumors. Of the
originally reported 102 Grade IV tumors, 3 were
regraded as Grade 0 and 12 as Grade III tumors
(Table 2). Thus, by reclassification, 20 tumors were
classified as Grade 0. I or II, and were therefore
ineligible for the trial.

Eight of 164 tumors (5%) from the centers with
the most reported cases (five centers with 25-51
tumors) were ineligible due to reclassification com-
pared with 12 of 76 tumors (16%) from 13 centers
with few tumors (1-16 tumors/center). During the
first half of the trial. 11% (13/120) of patients were
ineligible because of reclassification. The per-
centage declined in the second half to 6% (7/120).
The rate of regrading of Grade III to Grade IV
declined from 25% (24/97) to 11% (11/97). exclud-
ing the Danish ms.jrial. In 14 tumors, the regrading
(Grade III to Grade IV) was combined with
reclassification of the histologic type; the majority
(12) during the first half of the trial.

Survival related to malignancy grade. The
validity of the malignancy grading was tested after a
median follow-up time of 47 months (range: 2-97).
Reported and reviewed Grade HI (Group A), repor-
ted Grade HI and reviewed to Grade IV (Group B),
reported and reviewed Grade IV (Group C), and
finally reported Grade IV and reviewed to Grade III
(Group D) from the institutions using the four-grade
scale were compared. There was a difference in
overall survival in Group A compared to Group B
and in Group A compared to Group C. A difference
in overall survival was also seen in the total material
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Table 2. Reclassification of originally reported grading of highly malignant soft tissue sarcoma to a four-grade scale

Grading
scale

3 grades

4 grades

Total in
.4 grades

Total

Reported
Grade

III

III
IV

III
IV

0*

4

5
3

9
3

12

I

1

2

3

3

Redassified grades

II

1

4

5

5

III

12

46
12

58
12

70

IV

28

35
87

63
87

150

Reclassified/lnitially reported

34/46

46/92
15/102

95/240

(74%)

<50%)
(15%)

(40%)

I Ineligible

6
11

17
3

20

* Benign lesions, uncertain malignancy or other nonsarcoma tumor types

(Dunish material included) between Grade III and
Grade IV malignancy after review (Figure 8).

Comparison between the participating countries
(Table 3). This comparison was made lo reveal
whether the principles deviated in the selection of
patients for the trial, especially with regard to the
malignancy grading as employed in Denmark. The
frequency of Grade IV tumors was the same in
Denmark and Sweden and somewhat lower, but not
significantly, in Norway and Finland. The frequency
of malignant fibrous histiocytoma tumors was
lowest in Finland, but about the same in the other
Scandinavian countries.

Surgical management of extremity lo-
cated tumors (III, Series 2)

The total cumulative local tumor control was 91%
(168/185) after a median of 47 months (range:
2-97). The rates in the surgical groups were:
compartmental or wide amputation—37/37, com-
partmental local excision—23/24 (96%), wide local
excision—77/84 (92%). marginal excision and ra-
diotherapy—19/21 (90%), and marginal excision
without radiotherapy (reported radical margin re-
classified to marginal)—12/19 (67%). When adjust-
ing multivariately for age. sex, tumor size, malig-
nancy grade, and type of surgical margin, the only
risk factor for local recurrence was marginal surgery
without radiotherapy with a 4 times higher risk than
after marginal surgery and radiotherapy or com-
partmental or wide surgery.

The effect of postoperative radiotherapy after
marginal surgery will be analyzed in a future report.

The adjuvant treatment with doxorubicin did not

Survival. %

100

80 •

Years

Figure 8. Cumulative survival for all reviewed malignancy
Grades III and IV.

Table 3. Distribution of malignancy grade and malignant
fibrous histiocytomas by country after reclassification

Country

Denmark*

Finland

Norway

Sweden

Total

Grade
III/IV

12/28

9/14

16/28

33/80

70/150

Grade
IV, %

70

61

64

71

68

MFH
Total

18/40

7/23

19/44

49/113

93/220

MFH
%

45

30

43

43

43

' Initially 3-grade scale.
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Figure 9. Overall survival, metastasis-free survival and local tumor control of all 240 randomized patients.

influence the local recurrence risk.
Institutions with the most reported patients had

closer agreement between the margin planned pre-
operatively and the one achieved, than institutions
with fewer patients.

Adjuvant chemotherapy (IV, Series 1
and 3)

Overall results. With a median follow-up of 40
months, the overall survival was 70% for the 240
patients (Series I, Figure 9A), and 72% for the I8l
evaluable patients (Series 3. Figure 9B). The
disease-free survival was 57% in the total series
compared with 60% in the evaluable patients. The
rale of local tumor control was 90% for both Series
I and 2.

There was no significant difference between the
four treatment groups (Figure 7) in overall survival,
metastasis-free survival, nor local tumor control
(Figure IO).The conclusions were the same whether
the analysis included the total group or only the
evaluable patients.

The accrual rate was lower than expected. With
240 patients initially randomized in the study, an
increase in 5-year survival from 50% to 70% can be
detected with 5% significance and a power of 80%
when the follow-up time is extended to 5 years for
all patients. Presently. 70% of the patients have a 5-
years' follov-up time, which implies a power of

70%. Considering the actual outcome of the study, it
seems, however, unlikely that the overall survival
could be so different during the next 2 years that the
conclusions should change.

To.xicity of do.xoruhhin treatment. Four patients
contracted doxorubicin-induced cardiomyopathy.
Three of these have died; one of them without evi-
dence of tumor. The fourth patient has minor cardiac
symptoms and has no evidence of tumor disease.

Alopecia and gastrointestinal toxicily Grades I
and II (WHO classification 1979) were observed in
most patients. Hematologic values on day I of each
cycle were all normal except on three occasions in
two patients, who experienced leukopenia WHO
Grade I. In a 52-year-old female, loss of nails
occurred after the eighth chemotherapy cycle (459
rng/m-).

Neither synergy between radiotherapy and doxo-
rubicin nor increased acute toxicity related to the 3
Gy/fraction radiotherapy was observed.

Do.xoruhicin dose and dose intensity. The given
dose of doxorubicin relative to the planned dose was
calculated in 83 evafuable patients who had received
two or more cycles of chemotherapy. Twenty-nine
patients who received more than 85% of the
prescribed dose had a longer 5-year metastasis-free
survival (Figure 11 A) and 5-year overall survival
than the 54 patients who received less. No
difference was seen regarding local tumor control.
Similar results were obtained when using other cut-
off levels (dose levels: 95%. 90%. 65%. and 50%).
The same analysis, however, excluding 12 patients
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B. Excluding patients who had local recurrence and/or
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Figure 11. Metastasis-free survival of patients who received > 85% ( ) and < 85% ( ) of the accumulated doxorubicin
dose.

who had local recurrence and/or metastases during
chemotherapy or who received less than four cycles
of chemotherapy demonstrated no difference in
local tumor control, metastasis-free survival (Figure
I IB) or survival.

No differences were observed after three cycles of
chemotherapy in the 5-ycar local tumor control, 5-
ycar disease-free survival (P 0.0ft) or 5-ycar overall
survival, in the 45 patients who received more than
14 mg/mVweck t^y/r of the planned dose intensity)

compared with the 34 who had less. When using
other cut-off levels for dose intensity (13.5. 13. and
12.5 mg/m2/week). the trend in the difference in
local tumor control, disease-free survival, and over-
all survival declined. This was also the case for
analyses after more than four cycles of chemo-
therapy.

In conclusion, no relationship between admini-
strated dose level and benefit from adjuvant doxo-
rubicin chemotherapy was found.
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Prognostication of extremity located
tumors (V, Series 4)

Vascular involvement ++ by the tumor (versus none
or +). malignancy grade IV (versus Grade HI),
tumor size > 10 cm. and male sex decreased the
expected metastasis-free survival.

These prognostic factors had similar relative risk
values (2.0-2.7). Forty-seven percent of the patients
had no or only one risk factor, and these patients had
a 5-year metastasis-free survival of 73%. Thirty-six
percent had two factors and a survival of 46% and
16% had 3-4 factors and a metastasis-free survival
of only I7f/r (Figure 12).

Metastasis-free survival. %

100 '

RO "

60 -

40 -

20 -

C

I
factors

0

1 '"' \
2

3-4

) 1 2 3 4 5

n 12

n 66

N 138

n 50

n 22

6 7

Years

Figure 12. Cumulative metastasis-free survival for patients
with different numbers of risk factors in 138 patients with
malignancy grades III and IV soft tissue sarcoma, operated
on with a wide or compartmental margin. All 138
patients.

DNA content and prognosis (Vi, Series
5)

Method rcproducihility. Out of 28 comparisons of
two different parts of the tumor analyzed at different
occasions. 27 showed the same ploidy status. Five
samples showed Type I and one sample Type 5.
Twenty-two samples showed Types 6 or 7. One sam-
ple showed Type I and Type 2 in the other sample.

The present study shows that formalin-fixed,
paraffin-embedded sarcoma tissue is suited for DNA
ploiJy analysis and that the method was repro-
ducible (%'/f).

DNA ploidy and prognosis (univariatc analysis).
Different ways of separating groups of low and high
risk patients, respectively, were tested on the basis
of our DNA data. The "classical" method (Hidde-
man et al. 1984) is to compare cases with a single
G0/G1 peak (diploid) with those with two or more
peaks ("aneuploid", or more correctly "non-di-
ploid"). A bette- prognosis was observed in the
single peak group than in the > 2 peak group of
patients, but the difference was not significant (P
0.07). However, after excluding single peak cases
with large coefficients of variation (CV) (Type 2) or
skewed DNA distributions (Types 3 and 4), totally
11 peridiploid cases, the difference reached high
statistical significance (P 0.005). These peridiploid
cases thus had a poor prognosis and were therefore
classified as aneuploid.

Because patients with DNA tetraploid, as well as
diploid, tumors have been shown, for some types of
malignancies, to have better prognosis than patients
with aneuploid tumors, we combined our diploid
(Type 1) and tetraploid (Type 5), i.e. euploid, cases
and compared them with the peridiploid (Types 2. 3.
and 4) combined with the "typical" aneuploid cases.
The highest difference in prognosis was then found

For further analyses, we therefore defined tumors
with DNA histograms of Types I and 5 as euploid
and the rest (peridiploid Types 2. 3. 4, and typical
aneuploid Types 6 and 7) as aneuploid. With this
definition, the aneuploid tumors comprised 70% of
the whole material.

Prognostic factors (multivariute analysis). DNA
ploidy was compared with other prognostic factors.
Grade IV (vs. Grade III), DNA aneuploidy (vs.
DNA euploidy), intratumoral vascular involvement
++ (vs. + or none), tumor size > 10 cm (vs. < 10
cm), and male sex were found to be independent
prognostic factors with respect to metastatic spread
whereas age, tumor necrosis, and adjuvant chemo-
therapy were not.

Because all the prognostic risk factors had about
the same relative risk value (2.0-2.8), the patients
were grouped by the number of factors present and
the rate of metastasis-free survival was plotted
according to Kaplan-Meier (Figure 13A). The 5-
year metastasis-free survival for the whole patient
material was 55f/r with the extremes 79% for 31 of
the patients with none or only one risk factor and
0% for those 19 with 4-5 risk factors.

To demonstrate the influence of DNA content, a
separate analysis of four risk factors, excluding
DNA content was performed. The "resolution
power" then decreased (Figure I3B): The extren e
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Figure 13. Cumulative metastasis-free survival with five risk factors, including DNA aneuploidy (A) and with four risk factors,
excluding DNA aneuploidy (B), in 148 patients.

groups now constituted 44% of the patients with no
or one risk factor with a 5-year metastasis-free
survival of around 70% as compared with 0% for
only 4% of patients with four risk factors.

DNA ploidy and other prognostic factors. DNA
ploidy was correlated with age; the proportion of
patients with aneuploid tumors increase with age.
DNA ploidy was not associated with sex, malig-
nancy grade, size, necrosis, or intratumoral vascular

invasion.
The fraction of aneuploid tumors varied between

different histopathologic types, e.g., 87% (61/70) in
malignant fibrous histiocytoma, 41% (11/27) in
synovial sarcoma, and 31% (4/13) in liposarcorna.

The 5-year metastasis-free survival was higher
for euploid than aneuploid patients Grade III as well
as in Grade IV tumors, but was statistically signi-
ficant only in the latter group.
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Discussion

Etiology

One of the goals of epidemiologic studies is to
increase the knowledge of tumor development. Risk
factors are studied over time and linked closer to
clinical variables to establish whether the risk factor
is a true cause of the disease. The knowledge of
causes of the disease may be used for prevention.
Moreover, a characterization of risk factors may
make it possible to define risk groups for early
diagnosis (screening). In a clinical trial setting, strict
information on tumor site, histopathology and
malignancy grade can be obtained that offers an ex-
ceptional possibility to relate epidemiologic vari-
ables to various tumor characteristics.

Previous studies from Sweden have indicated that
exposure to herbicides (pheno;;y acids), chloro-
phenols and other chemicals may be of importance
for the development of sarcomas (Hardell et al.
1979. Olsson et al. 1980, Eriksson et al. 1981).
However, an expert panel at the International
Agency for Research on Cancer took the position
that there is "limited evidence" for the carcino-
genicity of phenoxy acid> in humans (1ARC Mono-
graph 1987).

The present investigation gives only limited
support for an etiologic role of herbicide exposure.
Occupational exposure to organic solvents is a risk
factor for other malignancies (Brandt 1987), but was
not found to be hazardous with regard to soft tissue
sarcoma. There was a moderately increased inci-
dence of malignant tumors among first generation
relatives. Therefore, it is possible that for sarcoma
patients and their relatives, constitutional or com-
mon environmental factor(s) may favour various
types of tumors.

Active smokers had a significantly reduced risk of
sarcoma, a finding that is difficult to understand
biologically and could be spurious due to the many
comparisons made. Ex-smokers did not have a
reduced risk. In other investigations of soft tissue
sarcoma, smoking habits have not been found to
affect the risk of the disease (Hardcll et al. 1979).
Alcohol consumption was not related to sarcoma
risk.

No attempt was made to study further the latency
time (except the exclusion of the 5 years prior to
diagnosis) or the importance of duration of exposure

because of the limited number of cases exposed.
Such investigations need to be carried out in a larger
setting, which would call for an international effort.

Correlating tumor biologic parameters with epi-
demiologic factors gave some support for an asso-
ciation between aneuploid tumors and occupations
in farming, forestry or horticulture. Furthermore,
age was significantly associated with aneuploidy.
both in male and female cases. Tumors of extrem-
ities with a history of previous trauma showed a
nonsignificant association with the above occupa-
tions. Synovial sarcoma was more common among
young patients, who were less apt to live in rural
settings with the above occupations. The correlation
between epidemiologic factors and tumor biology
has not previously been tested in cases with soft
tissue sarcomas.

A history of radiation towards the same site as
the site for the sarcoma was given by 3 cases out of
112. Latency times were generally long as has
previously been reported by Souba et al. (1986). A
previous history of radiation was reported by 8%. It
is interesting to note that prior irradiation was an
exclusion criterion and the finding thus represents a
conservative estimate due to selection.

ii. ...» effort to obtain occupational information in
an unbiased fashion through the national Swedish
census, cases and matched referents in Sweden were
compared. This case-control study on a subset of the
cases did not find that occupations, such as farming,
forestry, and horticulture, which potentially involved
handling of herbicides, were more common among
cases. Neither were occupations indicative of chem-
ical exposure more common.

A comparison with the epidemiologic question-
naire revealed that only 1/18 cases, who in their life-
time occupational history stated that they had been
involved in farming, forestry or horticulture, were
found in the census data. This indicates that only a
very limited life-time occupational information was
obtained by using the census data for three decades
and that analytic studies in epidemiology should use
additional sources for occupational information.

Some problems and advantages with the design
were foreseen. First, the randomized trial in itself
selects patients into the trial and results obtained
could therefore not immediately be generalized to
all sarcoma cases. Multicenter studies, in general.
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also have a lower accrual rate than studies perfor-
med at one or a few centers. The participation rate
could ihus be expected to be lower than in other
epidemiologic studies. The advantages with the
design are that a large patient material could be
gathered in a relatively short time and that the
patient material is very well defined. Patients were
diagnosed in a similar manner, inclusion criteria
were well defined, and diagnoses were confirmed by
an expert panel of pathologists with special interest
in the disease. The multicenter study also offers the
possibility to link epidemiologic information with
data on tumor biology and treatment outcome, not
generally available in epidemiologic studies. Fur-
ther, the regular meetings of the SSG group offer an
expert forum to discuss validity and importance of
results obtained in the epidemiologic study.

Pathology

When the chemotherapy trial started in 1981, the
prognostic influence of tumor necrosis, intrutumorul
vascular invasion, and DNA ploidy was unknown.
These factors were therefore analyzed retro-
spectively. We used the extent of necrosis as the
length in millimeters of the longest cross-section of
necrosis as described by Rööser (1987). We also
characterized tumor necrosis by the proportion of
sections with necrosis, but this was hampered by the
large variations in tumor-specimen sizes. In a pro-
spective study, guidelines for determination of
tumor necrosis would have allowed for a more
objective evaluation. For the evaluation of intra-
tumoral vascular invasion, it is of importance to
have representative sections from the tumor peri-
phery. In addition, histochemical stainings and im-
munohistoehemistry can be of help to demonstrate
elastic fibers and endothelial cells, respectively. As
regards DNA ploidy analysis, the paraffin-embed-
ded blocks were not available for 25 of the 240
tumors, and 7 samples did not contain tumor tissue.
In a prospective study the tumor material should
have been more complete.

Of the 240 tumors, 25'/r were reclassified as
regards type; 20% to other sarcoma types, 5c/r to
nonsarcomatous lesions (n 12). Such high rates have
been reported earlier. Baker et al. (I978) had 32%
discordant histologic types among 130 soft tissue
sarcomas, and l'/r that were nonsarcomatous. For
soft tissue and bone sarcomas. Presant et al. (I986)
had full agreement in two thirds of 2I6 sarcomas,
and foupd that 6% were nonsarcomatous.

In spite of the reclassifications of tumor type, it is
interesting to note that there were only slight
changes in the percentage distribution of the
histologic types: viz., malignant fibrous histio-
cytoma, the dominant group, increased slightly from
37% to 40%. Fibrosarcomas and rhabdomyo-sar-
comas were rare types.

Only seldom is the type of soft tissue sarcoma of
importance for treatment. Alveolar rhabdomyosar-
coma, extraskeletal Ewing's sarcoma, and extra-
skeletal osteosarcoma are tumors for which specific,
combined treatment programs should be used.

Presant et al. (1^86) showed that a discordant
diagnosis was more common when the confidence
of the pathologists was lower. In our study, the
primary pathology report reflected distinct un-
certainty or reservation in 41 of the 61 sarcomas
reclassified as regards tumor type. Centralization of
diagnosis and treatment, and the rapidly expanding
knowledge of new diagnostic methods will probably
reduce the rate of incorrect diagnoses. However, in
most cases, critical examination of routine histo-
pathologic sections by an experienced pathologist is
decisive.

Review of malignancy grade resulted in reclas-
sification in 40% of the cases. One explanation may
be the fact that different scales, three- and four-
grade, were used, and some participants had limited
experience with the four-grade scale. Only for a few
tumors is the malignancy grade given by the
histologic type; such as extraskeletal Ewing's sar-
coma, alveolar rhabdomyosarcoma, round cell and
pleomorphic liposarcomas, all of which are Grade
IV tumors.

The follow-up of the trial has given an unique
opportunity to test the validity of the reclassification
of the malignancy grades. The prognosis for the
regraded patients was the same as that for patients
with unchanged malignancy grade, for Grade III, as
well as for Grade IV. A significant difference in
survival was seen between reviewed Grade III and
IV sarcomas (Figure 8).

Our findings confirm the prognostic importance
of the four-grade scale as previously shown both for
single entities (Kindblom et al. 1975, Merck et al.
1983, AngervaM et al. 1986). and mixed series of
soft tissue sarcoma (Markhede et al. 1982, Enzinger
et al. 1983, Rydholm et al. 1984. Rööser 1987,
Berlin et al. 1987). To refrain from a division of
highly malignant soft tissue sarcomas into Grades
HI and IV implies loss of prognostic information.

Reclassification of 20 tumors (8%) as regards
tumor type or malignancy grade resulted in ineligi-
bility. During the trial the discordance between orig-
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inally reported and reviewed malignancy grade, and
the number of ineligible tumors decreased. This may
be due to an educational effect of the annual
meetings with discussions of diagnostic and grading
principles. One aim of the Scandinavian Sarcoma
Group is to improve the knowledge of soft tissue
sarcomas from the clinical as well as pathologic
point of view. In 1979, when the Scandinavian
Sarcoma Group was founded, only a few centers had
the expert knowledge in this respect.

In most chemotherapy trials for adult soft tissue
sarcomas, the type of sarcoma has not been taken
into consideration because of the marked alterations
and differences in interpretation of existing classifi-
cations (Van Unnik et al. 1988). Whether the effect
of adjuvant chemotherapy varies with histologic
type is unknown, this may be analyzed in the future
when the histopathology typing has progressed and
larger patient series might be available through
international cooperation. However, the predomi-
nance of grade over type in clinical trials has shown
its prognostic value (Van Unnik et al. 1988), as in
the present study.

Surgery and radiotherapy

Increased knowledge of the local behavior of soft
tissue sarcoma has made limb-salvage possible in an
increasing number of patients. To decrease the risk
of local recurrence, surgery is often combined with
radiotherapy (Rosenberg et al. 1982, Suit et al. 1982,
1985): Enneking (1983) reported a 50-70% local
recurrence risk in high-grade sarcomas after wide
margin surgery alone. In contrast, other authors have
reported considerably lower figures (Berlin et al.
1987, Rydholm et al. 1987). Obviously, the classi-
fication of surgical margins differs. The precise defi-
nitions and classification by review of the Surgical
Panel in our series made a comparison of our results
with others of interest. After a median follow-up of
4 years (range 2-97 months), the local recurrence
rate of extremity-located high-grade tumors was 6%
after surgery with a wide (108 cases) or compart-
mental margin (37 cases). This low figure is most
probably explained by our careful classification of
the margins. A wide margin required that the tumor
should be completely enclosed by a cuff of appar-
ently healthy tissue. A compartmental margin re-
quired that the tumor be contained by an uninvolved
fascia not transgressed by previous surgery. These
conditions had to be clearly documented in both the
surgical and the pathological reports. The re-

classification made by the Surgical Panel without
knowledge of the clinical course was valid; a local
recurrence occurred in 7 of the 19 patients for which
the originally reported wide or compartmenta!
margin was reclassified as marginal. Because of the
initially erroneous surgical classification, these
patients were not given postoperative radiotherapy,
which should have decreased the local recurrence
rate.

Our findings Indicate that postoperative radio-
therapy is not indicated after surgery with a wide or
compartmental margin, provided the definitions of
these margins are strictly adhered to. As post-
operative radiotherapy is indicated after surgery
with a marginal margin, a correct classification of
surgical margins to avoid both overtreatment and
undertreatment with radiation is important. Amputa-
tion was performed in 20% of the patients. By
combined surgery and radiotherapy in selected
cases, this figure can be decreased without in-
creasing the local recurrence rate. Radiotherapy was
given to 21 patients who had a marginal operation
(reported and confirmed at reevaluation); local
recurrence occurred in only 2 of these patients.

We expect a slight increase in the local recurrence
rate with longer follow-up; 80% of all local re-
currences are diagnosed within 2 years and 90%
within 4 years (unpublished observations, Ortho-
pedic Oncology Group, Lund). It will be of interest
to analyze, in a larger series, whether a subgroup of
patients with increased risk for local recurrence after
a wide margin can be identified. Do certain tumor
types grow more infiltratively or have an increased
risk for local metastases (satellites)? If so, the
recurrence rate could be further decreased by selec-
tion of these patients for radiotherapy as well.

Adjuvant chemotherapy

Accrual rate
For the first time, the accrual rate for a randomized
chemotherapy study for soft tissue sarcoma patients
has been estimated on a nationwide basis. The actual
total accrual rate was 18% for Sweden as a whole,
while on the regional level the rates ranged from 7%
to 33%. The tumor sites by tradition usually treated
at departments of orthopedics showed the highest
accrual rates; i.e., 16% of tumors of the upper limb
and 32% of tumors of the lower limb. The data show
an underrepresentation of all soft tissue sarcomas
located at sites other than extremity and trunk.
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A separate investigation limited to the patients in
the Southern Swedish Health Care Region showed
that only 3 out of 75 patients (4%) did not enter the
study according to our guidelines. These 3 patients
had a subcutaneously located leiomyosarcoma with
tumor sizes of 1.0-1.5 cm, diagnosed and treated
with wide excision in 1984 and 1985. At that time,
we had learned from our own experience and from
others (Dahl et al. 1974, Fields et al. 1981, Hashi-
moto et al. 1986) that these patients have a good
prognosis without adjuvant chemotherapy. These 3
patients have been continuously free from tumor at
follow-up in 1989. If the same reasons for in-
eligibility are present in the other regions as well,
and in the same proportions, it might be estimated
that a very high proportion of all eligible patients
entered the study.

When calculating the size of the available patient
material for further studies, the high proportion of
ineligibility found in this study must be taken into
account.

In the future, the Scandinavian Sarcoma Group's
data base (Working Committee of the Scandinavian
Sarcoma Group 1987A, 1987B), open to all mem-
bers, can be the basis for investigations similar to
those described above for all Scandinavian
countries.

Single-agent doxorubicin
Single-agent doxorubicin has been tested as
adjuvant chemotherapy after local treatment
(surgery alone, surgery combined with postoperative
radiotherapy or/and preoperative intraarterial doxo-
rubicin combined with preoperative radiation
therapy and surgery) in seven randomized studies
including the present study (Antman et al. 1984,
Omura et al. 1985, Wilson et al. 1986, Baker 1988,
Eilber et al. 1988, Picci et al. 1988), (Table 4). The
present study of 181 eligible patients with high-
grade soft tissue sarcomas treated with doxorubicin
60 mg/m2 every 4 weeks for 9 cycles or to obser-
vation had no effect on survival or disease-free
survival with a median follow-up of 40 months.

The Intergroup Sarcoma Study Group randomized
patients to receive doxorubicin 70 mg/m2 every 3
weeks increasing to 90 mg/m2 for a total of 6 cycles
(Baker 1988). As of 1987, 114 patients have been
randomized. In a preliminary report of the first 81
randomized patients, no difference was observed in
overall or disease-free survival between the groups
that received adjuvant chemotherapy when com-
pared with no chemotherapy. However, there was a
trend towards improved disease-free survival in the

chemotherapy-treated group (P 0.06). These results
are preliminary.

Eilber et al. (1988) randomized 114 patients with
high-grade extremity soft tissue sarcoma to doxo-
rubicin 45 mg/m2 x 2 every 3 weeks for 5 cycles or
observation. All the patients received preoperative
intraarterial doxorubicin (30 mg/day x 3) plus radio-
therapy (17.5 Gy) and surgical excision before ran-
domization. No effect on survival or disease-free
survival was observed at a median follow-up time of
28 months.

Wilson et al. (1986) have updated the data from
the Eastern Cooperative Oncology Group (ECOG)
and Dana Farber Cancer Institute/Massachusetts
General Hospital (DFCI/MGH) trial. The results are
from two independent randomized adjuvant studies.
There were 75 extremity sarcoma patients in both
studies. Radiation was administered to patients un-
dergoing limb-sparing surgery. Patients randomized
to chemotherapy had doxorubicin administered on
different schedules, depending on the institute.
Patients of DFCI had two cycles of 90 mg/m2 of
doxorubicin delivered between surgery and the start
of postoperative radiotherapy, with three additional
cycles after the completion of radiotherapy. For
MGH patients treated with preoperative radio-
therapy, two cycles were administrated postope-
ratively. The ECOG patients received 7 cycles of 70
mg/m2 of doxorubicin after completion of surgery
and postoperative radiotherapy. No effect on sur-
vival or disease-free survival was observed at a
median follow-up time of 49 months.

In an Italian study (Picci et al. 1988), 77 patients
with extremity sarcomas were randomized to 30 mg
x 3 doxorubicin every 4 weeks for six cycles or
observation. The primary tumor was treated by
amputation or limp-sparing surgery in conjunction
with adjuvant radiotherapy. After 5 years, a differ-
ence in favor of chemotherapy was observed for
overall survival and disease-free survival as well. It
is of interest to note that in this study the control
group had the lowest 5-year metastasis-free survival
compared with the other studies.

Antman et al. (I985) randomized 26 patients with
high-grade (Grades II and III on a 3-grade scale)
extremity, trunk, head and neck, and retroperitoneal soft
tissue sarcoma to 90 mg/m2 doxorubicin every 3 weeks
for five cycles or observation. In marginally operated
on patients, postoperative radiotherapy (50-70 Gy) was
given. No effect on overall survival or disease-free
survival was observed at a median of 16 months.

Nonextremity soft tissue sarcomas were studied
by the Gynecological Oncology Group (Omura et al.
1985). After hysterectomy, 156 evaluable patients
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with Stage 1 (limited to the corpus) or Stage II
(limited to the corpus and cervix) uterine sarcomas
were randomized to 60 mg/m- doxorubicin for 8
cycles every 3 weeks. No difference between the
treatment arms in overall survival or disease-free
survival was observed.

Thus, in the seven studies of doxorubicin as a
single-agent adjuvant chemotherapy for soft tissue
sarcoma, only two studies showed an effect on the
disease-free survival. One of the studies also re-
ported the survival to be prolonged. These studies
are difficult to compare, since they employ different
dosages of doxorubicin and use different combina-
tions of surgery and radiotherapy. It might be noted,
however, that one of the two studies reporting a
beneficial effect of doxorubicin also had the highest
dose intensity, and also had a high proportion of
cardiotoxicity. The other study showed inferior
results in the control arm indicating a nonoptimal
management as a standard.

Combination therapy
In four randomized studies, doxorubicin-containing
combination chemotherapy was studied.

The EORTC Soft Tissue and Bone Sarcoma
Group randomized 326 eligible patients to adjuvant
chemotherapy with Cyciophosphamide. Vincristine,
doxorubicin (Adriamycin). and DTIC (CYVADIC)
or to observation (Bramwell cl al. 1988). No effect
on overall survival was observed. However, the 3-
year disease-free survival was significantly im-
proved.

At the U.S. National Cancer Institute, two ran-
domized studies were carried out. Sixty-seven
patients with extremity sarcoma were randomized to
adjuvant chemotherapy with doxorubicin (Adria-
mycin). Cyciophosphamide, and Methotrexate ver-
sus observation (Chang et al. 1988). After a median
follow-up time of 7 years, the metastasis-free sur-
vival was better in the adjuvant chemotherapy
group, but no difference was observed in overall
survival. Seventy-two patients with head and neck,
trunk, and retroperitoneal sarcomas were ran-
domized to the same type of adjuvant chemotherapy.
No difference in treatment results was observed
after a median follow-up time of 6 years.

At the Mayo Clinic, 61 patients were randomized
to eight cycles of doxorubicin (Adriamycin). Vin-
cristine. and DTIC alternating with Cyciophosph-
amide. Vincrisline, and Actinomycin D versus ob-
servation (Edmonson et al.1984). No difference in

treatment results was observed after a median
follow-up time of 5 years.

In summary, only one (Picci et al. 1988) out of II
randomized studies has shown a significant im-
provement in overall survival as well as metastasis-
free survival after adjuvant chemotherapy of soft
tissue sarcomas. In two studies, the 5-year
metastasis-free survival was improved. Thus, the
results are conflicting. There are many factors in the
conduct of these trials that make comparisons
difficult. These factors influence the patient popu-
lations that are involved in each trial and include
differences in primary sites of sarcoma, histologic
grading, types of local treatment, chemotherapy
regimens, and dose intensities. It can be concluded,
that the effect of adjuvant chemotherapy for the
treatment of patients with high-grade soft tissue
sarcoma has not been shown to be effective, and
therefore its routine use is not recommended.
Meanwhile, efforts should be made to gain more
knowledge about improved prognostic classification
to enable optimal selection of patients for adjuvant
systemic therapy, when effective regimens are
available in the future.

Doxorubicin dose-response relationship and
cardiotoxicity

When testing for a dose-response relationship in the
patients who received chemotherapy, those who
received more or less than 85% of the cumulative
dose were compared. This threshold was chosen
because various other adjuvant trials, most of them
in breast cancer (Henderson et al. 1988). have
referred to this as a critical dose level. There is a
risk for bias because all patients failing on therapy
or stopping therapy early will, by definition, be in
the low-dose group, and patients who tolerate the
highest doses may well be the patients who a priori
have the better prognosis. The risk for this bias was
actually confirmed in the present study, because we
did observe for the whole group of patients a
positive dose-response relationship in overall 5-year
survival (P O.(K)I), but this disappeared when ex-
cluding patients with early discontinuation of
therapy due to relapse (P 0.77). The relation be-
tween the administered dose and benefit from
adjuvant chemotherapy is still controversial (Hen-
derson et al. 1988) and to date conclusive data from
randomized trials analyzing this important question
are missing.
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Table 4. Comparison of randomized trials on adjuvant chemotherapy in patients with soft tissue sarcoma

Group or
Institution

No. of Site
patients

Gradea Chemo Median 5-year metastasis- 5-year survival
therapy follow-up free survival (%) (%)

years

Single-agent chemotherapy

Scandinavian 181 Extremity, III, IV
Sarcoma Group head and neck, trunk,

retroperitoneum, viscera

II, IIIIntergroup
Sarcoma
Co-nmittee

114 Extremity,
head and neck,
trunk, retroperitoneum

Univ. of California 114 Extremity
at Los Angeles

Picci et al. 77 Extremity

Eastern Cooperative 75 Extremity, II, III
Oncology Group head and neck, trunk,
DFCI/MGH retroperitoneum, viscera

Antman et al. 26 Extremity,
head and neck
trunk, retroperitoneum
Other

II, III

Dox

Dox

Dox

Dox

Gynecologic 156 Uterine
Oncology Group

Stage I, II Dox

Chemo No chemo Chemo No chemo

3.4

2.5

1.4

58 56 62 60

78 74

Dox

Dox 4.0

68b

74

41

62

87b

68

67

66

70 60

55 40

65 64

48 60

Combination chemotherapy

European Organiz. 326 Extremity,
for Research on head and neck, trunk,
Treatment of Cancer retroperitoneum, viscera

All CVVADIC 3.0

National Cancer
Institute

National Cancer
Institute

Mayo Clinic

72 Head and neck, II, III Dox, CY, MTX 5.9
trunk, retroperitoneum

67 Extremity

61 Extremity,
head and neck, trunk,
retroperitoneum, viscera

Dox, CY, MTX 7.1

All Dox, VCR 5.4
DTIC, VCR,
CY/DACT

52C

57 51

70 50

74c

60 58

75b 54 82 60

71 71

DFCI Dana Farber Cancer Institute.
MGH Massachusetts General Hospital.
CYC Cyclophosphamide.
CYVADIC Cyclophosphamide, VCR, Dox, DTIC.
Dox Doxorubicin.
VCR Vincristine.

a Grading performed by each institution. Mayo Clinic and
Scandinavian Sarcoma Group used Broders' Grades I—IV;
all other institutions had a 1-3 system.

b Significantly different from no chemotherapy group.
c Three-year results.
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Von Hoff et al. (1979) have shown that a
relationship exists between the total cumulative dose
of doxorubicin and the risk of developing congestive
heart failure. They reported this risk to be ¥/r at 400
mg/m2. 7% at 550 mg/m2, and 18% at 700 mg/m2.
It has been recommended that the total cumulative
dose of doxorubicin should not exceed 550 mg/m2

(Blum 1975). In agreement with these guidelines,
the planned cumulative dose for doxorubicin in our
trial was 540 mg/m2 (60 mg/m2 x 9). Chang et al.
(1988) reported that 15rr of their patients developed
clinical evidence of congestive heart failure. They
used eleetrocardiographic-gated radionucleide scans
to monitor the left ventricular ejection fraction, and
when the cumulative dose of doxorubicin was
between 480 mg/m2 and 550 mg/m2, approximately
half of the patients had signs of cardiomyopathy. In
our trial, serial electrocardiogruphic changes were
the only routine measurements to monitor cardiac
toxicity, and some patients may have had cardio-
myopathy that was not detected. None of the
patients who received less than 480 mg/m2 devel-
oped symptomatic congestive heart failure: how-
ever, four (4c/() of the patients who received at least
480 mg/m2 had symptomatic congestive heart fail-
ure, and one of them died of this cause without any
signs of tumor disease.

Prognostic factors

Histologic variables and tumor size
Histologic malignancy grade is the principal prog-
nostic variable in the two commonly used staging
systems: the Surgical Staging System with a two-
grade scale (Enneking 19S3) and the American Joint
Committee (AJC) system with a three-grade scale
(Russel et al. 1977). We used a four-grade scale,
found reproducible in soft tissue sarcomas
(Angervall 1981. Rydholm et al. 1984. Angervall et
al. 1986, Rööseretal. 1987).

Several factors other than histologic malignancy
grade have been reported to be prognostic. The well-
known importance of tumor size was confirmed in
our series. Also the negative influence of male sex
and vascular invasion has been reported previously
(Hajdu 1979, De Stefani et al. 1982. Trojani et al.
1984, Chase et al. 1985, Potter et al. 1986, Rööser et
al. 1988). In contrast to earlier reports (De Stefani et
al. 1982. Costa et al. 1984, Trojani et al. 1984,
Roöser et al. 1988), we found no influence of tumor
necrosis when analyzed mullivariately. There was.

however, a close covariation between tumor size and
necrosis: by omitting tumor size in our analysis,
necrosis emerged as a significant prognostic factor.

DNA content
Our finding of DNA aneuploidy as a prognostic
factor complies with the results of other DNA
studies in musculoskeletal tumors (Kreicbergs et al.
1982. 1988, Xiang et al. 1987). It is difficult to find
definitions of DNA ploidy applicable in all situa-
tions. It is more important in prognostic studies to
find an optimal limit or cut-off point for the best
separation of low and high risk patients. "Near-
diploid" tumors or "peridiploid" malignant tumors
(Rodenburg et al. 1987) have been defined and
found associated with poor prognosis as well as
typical aneuploid tumors. Our Types 2-A (broad and
skewed single peak distribution cases) correspond to
these entities.

The rate of tumor cell proliferation, determined as
the fraction of S-phase cells in DNA histograms, has
also been shown to be of prognostic importance for
a large number of malignancies (Cornelisse et al.
1987. Kallioniemi et al. 1988). No attempts were
made to perform such determinations in the present
work due to a high fraction of debris signals from
the paraffin-embedded material. However, this is
less of a problem when using fresh or unfixed frozen
tumor material, which would be more suitable for
evaluation of the prognostic importance of cell
proliferation rate in soft tissue sarcoma.

The prognostic strength of DNA content is
probably related to histotype. In our series, 16 of the
27 synovial sarcomas (59%) were euploid compared
with 9 of the 70 malignant fibrous histiocytomas
(13%), whereas the 5-year metastasis-free survival
was 45% for synovial sarcoma and 59% for malig-
nant fibrous histocytoma. The DNA cytometric find-
ings in these tumor types comply with cytogenetic
data; most synovial sarcomas have near-diploid
karyotypes with minor aberrations including the
translocation t (X; 18), which is sometimes the sole
anomaly, whereas most malignant fibrous histio-
cytomas have complex chromosomal aberrations
leading to an increased amount of DNA (Mandahl et
al. 1989). Separate prognostic analysis of DNA
patterns for different histotypes should therefore be
performed in the future. The correlation we found
between age and ploidy may also, at least in part, be
explained by the young age of patients with synovial
sarcoma.
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Local recurrence
The low icKal recurrence rate in our series can be
explained by the strict criteria applied for the
definition of surgical margins. The association
between local recurrence and distant metastatic
disease is well known, but whether this is causal
(the metastases originate from the local recurrence
after treatment of the primary tumor) or statistical
(local recurrence is an indicator of both local and
distant tumor aggressiveness with metastatic spread
already occurring before treatment of the primary
tumor) is debatable. In none of our patients did the
time period between the diagnosis of local recur-
rence and distant metastases exceed 6 months,
making a causal association less probable.

Risk groups
Adjuvant chemotherapy for soft tissue sarcomas has
not been shown to be effective in the prospective
controlled clinical trial. One reason may be that also
low risk patients have been included with the
assumption that high risk patients respond much
better to adjuvant chemotherapy than low risk
patients. In the present study, patients with Grades
HI and IV sarcomas were included. This criterion
was, as in several other studies, the only tumor
characteristics necessary for inclusion. However, by
applying all the prognostic risk factors identi-
fied—malignancy grade IV, DNA aneuploidy, intra-
tumoral vascular invasion, large tumor size, and
male sex—one half (78/148) of the patients in our
series could be classified as belonging to a good
prognostic group with a 5-year metastasis-free sur-
vival rate over 65%. The other half of the patients
had a 5-year metastasis-free survival rate of about
35'/f and comprise a high-risk group. If there are
different effects of adjuvant chemotherapy in low-
and high-risk patients, there still is a possibility that
the relatively high fraction of low-risk patients
might hide beneficial effects of adjuvant doxo-
rubicin in the high-risk patients in the present study.
The limited number of patients does not allow a
meaningful statistical analysis at the present time for
comparisons between low- and high-risk patients
with regard to efficacy of adjuvant chemotherapy.
As soon as effective regimens are available, a com-
bination of the different prognostic factors should be
used for selection of high risk patients for the eval-
uation of adjuvant chemotherapy. Omitting low-risk
patients from adjuvant chemotherapy trials is, of
course, also of value to avoid overtreatment.

The future

In 1981, when the Scandinavian Sarcoma Group
started its randomized trial on adjuvant doxorubicin,
we believed that histologic malignancy grade was
sufficient for selection of soft tissue sarcoma
patients suitable for adjuvant chemotherapy. During
the following years, we learned that other prognostic
factors such as tumor size, tumor necrosis, intra-
vascular invasion by the tumor, sex and DNA
aneuploidy are independent prognostic factors in
soft tissue sarcomas and should be used for a better
discrimination of low and high risk patients. The
value of hitherto known prognostic factors will
probably increase when analyzed separately for
different histopathologic sarcoma types. Cytogenetic
studies have shown consistent karyotypic anomalies
in several benign and malignant musculoskeletal
tumors which may improve classification and
prognostication (Mandahl et al. 1989).

With the present knowledge, all Grades III and IV
sarcomas should not be regarded as highly malig-
nant. Small (< 5 cm) Grades III and IV sarcomas
have a good prognosis. When the importance of
other prognostic factors has been further confirmed,
additional patients with histologic high-grade malig-
nant tumors, but with a good prognosis, can be ex-
cluded from proposed randomized adjuvant chemo-
therapy trials.

!n 1987, after the termination of this trial, the
Scandinavian Sarcoma Group introduced a treat-
ment program for soft tissue sarcoma of all malig-
nancy grades without adjuvant chemotherapy
(Working Committee of the Scandinavian Sarcoma
Group, 1987 A). A centralized registration of all
newly diagnosed sarcomas was implemented, and
all participating Scandinavian institutions will
adhere to specific guidelines for diagnostic proce-
dures, primary local therapy, and follow-up (Work-
ing Committee of the Scandinavian Sarcoma Group,
1987 B). This register can be the base for further
evaluation of prognostic risk factors and impact of
different treatments of the primary tumor on prog-
nosis in a larger patient population and also for
separate histotypes.

One of the objectives of this policy is to improve
the prognostic classification of the patients to enable
future optimal selection of patients for different
management policies.
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Summary and conclusion

A relationship between extremity localized soft
tissue sarcomas and a history of trauma, and an
occupation in farming, forestry, and gardening
was found. In addition, these occupations and
older age were associated with aneuploid tumors.
An association between a family history of
malignant disease and risk of sarcoma was
observed.

The most common tumor type was malignant
fibrous histiocytoma. followed by synovial
sarcoma, leiomyosarcoma, liposarcoma and
malignant Schwannoma. Following review by
the Pathology Panel, 25% of the cases were
reclassified as regards histologic type and in 4()CA
of the cases the malignancy grade was changed.
After review, 8% of the cases were ineligible for
the trial.The reclassification of malignancy grade
proved to be of prognostic importance, whereas
the histologic typing thus far has had no clinical
impact.

The local tumor control was 94% in patients with
radically operated extremity located tumors.
Local recurrence occurred in 7 of the 19 patients
whose surgical margin was primarily classified
as radical, but at review reclassified to marginal
without receiving postoperative radiotherapy.
However, local recurrence was observed in only
2 of 21 patients with a correctly reported
marginal margin receiving postoperative radio-
therapy, indicating a four-fold risk of local
recurrence without radiotherapy.

No effect of single-agent doxorubicin adjuvant
chemotherapy was observed in patients with
high-grade soft tissue sarcoma of malignancy
grade III and IV with regard to local tumor
control, metastasis-free survival, nor survival.
The findings were the same whether the total
group or only evaluable patients were analyzed.

Patients who received more than 85% of the
prescribed doxorubicin dose had a significantly
longer 5-year metastasis-free survival and overall

survival than patients receiving less than 85%.
No difference was seen regarding local tumor
control. The same analysis, however, excluding
patients who had local recurrence and/or
metastases during chemotherapy or who received
less than 4 cycles of chemotherapy, demonstrated
no difference in metastasis-free or overall
survival.

• None of the patients who received less than 480
mg/m2 developed symptomatic congestive heart
failure. However, 4 (4 %) patients who received
480 mg/m2 or more had symptomatic congestive
heart failure, one of them died of this without any
sign of tumor disease.

• DNA aneuploidy, histologic malignancy grade
IV, increasing tumor size, vascular invasion by
the tumor, and male sex were identified as
independent prognostic factors as regards
survival in radically operated extremity and
trunk located soft tissue sarcoma.

Management of soft tissue sarcoma patients should
be centralized since these tumors are rare and
optimal treatment requires cooperation between the
cytologist, the pathologist, the radiologist, the
surgeon, the pediatric, medical, and radiation
oncologist. The patients should preferably be
referred before any surgery, since definitive surgery
is often possible without prior biopsy. When biopsy
(fine needle, coarse and/or open biopsy) is
considered necessary, it is best performed at a tumor
center for correct location and procurement of fresh
tumor tissue for specialized studies, e.g.
immunohistochemistry, electron microscopy, DNA,
and chromosome analysis. Various prognostic
factors and treatment strategies can be analyzed
prospectively at the center together with all centers
in Scandinavia.

Based on our present experience and knowledge
gained by the Scandinavian Sarcoma Group, we
recommend the following principles for manage-
ment of patients with extremity and trunk located
soft tissue sarcoma (Figure 14).
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Weekly
Tumor Clinic Referral

i Superficial | Deep |

mVCT

Repeat aspiration,
H inconclusive

coarse needle aspiration'
MRVCf

Chest radiograph

Superficial* Deep

Wide focal excision

X
Surgery

Intramuscular

Myectomy

Extramuscular

Surgery with various
types of margins.

Sometimes amputation'

Evaluation of surgical specimen

Pathologist and surgeon examine the
fresh surgical specimen together;
classification of surgical margins
requires both macro- and microscopic
examination.

Fresh tissue is preserved also lor
immunohistochemistry, electron
microscopy, DNA, and chromosomal
analysis.

T

wkJe/compartmental margin
No further local treatment

i

Low Risk Group
0-2 risk factors

•Female
• Tumor size <1 Ocm
•Grades MM
• No intratumoral

vascular invasion
• No tumor necrosis
• DNA-eupWdy
• Karyotype?

I

No adjuvant
chemotherapy

Marginal margin
Postoperative radiotherapy

i

High Risk Group
23 risk factors

•Mai*
• Tumor size >10 cm
•Grade IV
• Intratumoral vascular

invasion
•Tumor necrosis
• DNA-aneupteidy

I
Adjuvant chemotherapy

In clinical controlled
prospective study might

be considered

Figure 14. Management of soft tissue sarcoma patients.

a Fine needle aspiration.
b Usually marginal excision. Desmoids require a wide excision. Slow-growing tumors that cause minor symptoms can be left

without surgery.
c If not diagnostic, which is exceptional, open biopsy is performed,
d Angiography and scintigraphy seldom indicated.
e Of primary soft tissue sarcoma of the extremities, one-third each are subcutaneous, intramuscular, or extramuscular.

Subcutaneous and intramuscular sarcomas can be treated by limb-sparing surgery, with low risk for local recurrence
without radiotherapy (Rydholm 1989).

f The local recurrence risk is high after limb-sparing surgery for high-grade malignant extramuscular tumors.
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Coded data

V I . Name of the participating hospital

V2.

V3.

V4.

V5.

V6

11
12
13
21
22
23
31
32
33
34
36

Finsen Institute. Copenhagen
University Hospital. Odense
University Hospital. Aartius
University Central Hospital. Helsinki
University Central Hospital. Turku
University Central Hospital. Oulo
Norwegian Radium Hospital, Oslo
Ullevål Hospital. Oslo
University Hospital. Trondheim
University Hospital. Bergen
University Hospital. Tromsö

Age at randomization date

Sex

Duration of symptoms

Location

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Head
Neck
Chestwall
Breast
Abdominal wall
Upper trunk
Lower trunk
Shoulder, unspecified side
Shoulder, left
Shoulder, right
Upper arm, unspecified side
Upper arm, left
Upper arm, right
Elbow, unspecified side
Elbow, left
Elbow, right
Forearm, unspecified side
Forearm, left
Forearm, right
Hand, unspecified side
Hand, left
Hand, right
Inguinal region, unspecified side
inguinal region, If»;

Compartment

V7.

V8.

V9.

11001 Karolinska Hospital. Stockholm
12001 University Hospital, Uppsala
21001 University Hospital, Linköping
41001 University Hospital. Lund
50001 Sahlgrenska Hospital. Gothenburg
55010 Regional Hospital, Örebro
64001 University Hospital. Umeå

0
1

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Years

Female
Male

Months

Inguinal region, right
Hip, unspecified side
Hip, left
Hip. right
Thigh, unspecified side
Thigh, left
Thigh, right
Knee, unspecified side
Knee, left
Knee, right
Lower leg, unspecified side
Lower leg, left
Lower leg, right
Ankle, unspecified side
Ankle, left
Ankfe. right
Foot, unspecified side
Foot, left
Foot, right
Intrathoracal
Abdominal cavity
Retroperitoneal space
Uterus
Perianal

1 Intracompartmental
2 Extracompartmental
3 Unclassified

Depth

Type of diagnostic procedure

1 Fine needle aspiration biopsy
2 Coarse needle biopsy
3 Incisional biopsy

Number of surgical procedures
for primary tumor (does not
include incisional biopsy)

1
2
3

4
5

n=1
n*2
n»3

Superficial
Deep
Both

Excisional biopsy
None
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V10. Date of definitive surgery for primary
tuvor

V 1 . Reported surgical margin lor primary
tumor

V12 Reviewed surgical margin for primary
tumor

1 Marginal excision
2 Wide excision
3 Compartmental excision
4 Marginal amputation
5 Wide amputation
6 Compartmental amputation

V13. Reported malignancy grade
V14. Reviewed malignancy grade

VI5 Reported tumor type
V16. Reviewed tumor type

8000 Unspec. tumor type (non-sarcoma)
8800 Soft tissue sarcoma, unclassified
8801 Spindle cell sarcoma
8804 Epithelioid cell sarcoma
8810 Fibrosarcoma
8811 Myxofibrosarcoma
8830 Malignant fibrous histiocytoma
8850 Liposarcoma
8890 Leiomyosarcoma
8990 Malignant mesenchymoma

V17. Tumor size

V18. Tumor infiltration

0 Uninterpretable
1 No tumor cell infiltration (even border)
2 Tumor cell infiltration in

pseudocapsule (irregular border)
3 Tumor cell infiltration through

pseudocapsule, fascia, muscle septae,
or limited free infiltrate in surrounding
tissue

V19. Tumor necrosis

V20. v' tscular invasion by tumor

V21. DNA Histogram Types

1 Type 1 = A narrow (CV <7.5%)
Gaussian distribution

2 Type 2 •= A broad (CV> 7.5%)
Gaussian distribution

3 Type 3 = A nonGaussian distribution
4 Type 4 « A dominant narrow and

Gaussian distribution with a clearly
distinguishable small skewness at either
side of its base

V22. DNAplOidy

1 Euploid
2 Aneuploid
3 Uninterpretable histogram

7 Head and neck surgery
8 Thoracic surgery
9 Ablatio mammae
10 Abdominal surgery
11 Retroperitoneal surgery
12 Gynecologic surgery

I
II
III
IV
0

8900
9040
9044
9130
9150
9180
9220
9260
9560
9999

Benign

Rhabdomyosarcoma
Synovial sarcoma
Clear-cell sarcoma
Hemangiosarcoma
Malignant hemangiopericytoma
Extraskeletal osteosarcoma
Extraskeletal chondrosarcoma
Extraskeletal Ewing s sarcoma
Malignant Schwannoma
Specified tumor type, non-sarcoma

Largest diameter in cm/pathologic specimen

Massive tumor cell infiltration in surrounding
tissue
Tumor cell infiltration (octopus type)
Satellite tumor nests without vascular
connection

Length in mm/histologic slide

Minimal (+)
Extensive (++)
None

Type 5 - A tetraploid distribution
Type 6 > An aneuploid distribution
Type 7 = An aneuploid (newdiploid)
distribution with two distinguishable
G0/G1 peaks

Cell poor
Nonrepresentative tumor material
Not analysed

V23. DNA index In arabic numbers
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V24. Date of randomization
(n 240, Series 1—11, IV)

V25. Treatment groups 1 Radical surgery + doxorubicin
2 Radical surgery, control
3 Marginal surgery + RT + doxorubicin
4 Marginal surgery + RT, control

V26. Exclusion by entry criteria

V27.

V28.

V29.

V30.

V31.

V32.

V33.

V34.

Survival

Vital status at end of follow-up

Metastasis-free survival

Metastasis at end of follow-up

Local tumor control

Local recurrence

Eligible patients for randomized trial
(n 181, Series 2—II, IV)

Suraical manaaement of extremitv
located sarcomas (n 185, Series 3—III)

V35. Prognosis in radically operated
extremity located sarcomas (n 138,
Series 4—V)

V36. DNA content and prognosis (n 148,
Series 5—VI)

0
1

No
Yes

Months

0
1

0
1

0
1

0
1

0
1

0
1

0
1

Alive
Dead

Months

No
Yes

Months

No
Yes

No
In the study

No
In the study

No
In the study

No
In the study
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