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= Abstract =

Seventy four patients with soft tissue sarcomas treated by postoperative
radiotherapy in the Department of Therapeutic Radiology, Seoul National Universi-
ty Hospital between August 1979 and September 1990 were analyzed. The fol-
low-up period ranged from 3 to 145 months with a median of 51 months. Lipo-
sarcoma and malignant fibrous histiocytoma(MFH) constituted 54% of the cases
and the histologic grades of tumors are as follows: grade I, 23 cases; grade II,
17 cases; grade I, 24 cases; unknown grade, 10 cases. The patients were treat-
ed by marginal{17 cases), wide{(55 cases) or compartmental(2 cases) excision fol-
lowed by postoperative radiotherapy. The total radiation doses were 4200-8820
cGy{median 6000 cGy), 180-200 cGy daily, 5 times per week.

Of 74 patients, 35 ultimately failed. The local control was 62.2% at 5 years
and cumulative risk of distant metastasis was 22.3% at 5 years. The overall sur-
vival and disease free survival were 72.3% and 53.3% at 5 years, respectively.
Survival after appearance of metastasis was 15.1% at 3 years.

Patients with liposarcoma experienced better local control than those with
other histologic type and tumor grade and surgical resection margin significantly
correlated with local recurrence, distant metastasis and overall survival on
univariate analysis.

In conclusion, re—excision is needed for patients with positive surgical resection
margin to improve local control and further therapeutic measures using effective
chemotherapy should be explored in the hope of improving overall survival.
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INTRODUCTION

Soft tissue sarcomas are uncommon cancers
that represent only 1% of all malignant neo-
plasms(excluding skin) in adults and arise from
mesenchymal structures at any site in the

This work was partly supported by 1991 SNUH
Research Fund.

body, even within visceral stroma and neuro-
vascular bundles”. They are characterized by
diversity, not only in histologic appearance but
also in biologic behavior depending on grade
and the putative cell of origin but can be con-
sidered as a single entity in evaluating proper
therapy?. They usually spread via direct inva-
sion into surrounding soft tissues or hematoge-
nous seeding to the lung. The degree of
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differentiation(histologic grade) is known as
the major prognostic factor®.

The standard treatment of soft tissue sarcoma
was radical excision of the involved area. For ex-
tremity lesions, this often required amputation.
Despite this vigorous surgical approach, local re-
currence rates are still high, varying from 20% to
80% depending on the extent of the surgery,
and the survival is poor®.

Since the first report of National Cancer In-
stitute’s(NCI) randomized prospective study®®
comparing amputation with limb-sparing sur-
gery and postoperative radiotherapy for soft
tissue sarcomas of the extremities was pub-
lished, radiotherpy has established a role in the
multidisciplinary management of soft tissue sar-
coma. This combined approach can achieve
local control rate comparable to radical surgery
while offering the benefit of functional limb
preservation”. However, the magnititude of
the surgical procedure, the dose and volume
of radiotherapy and related various surgical
and pathological factors have been difficult to
define clearly in the multidisciplinary manage-
ment of these tumors.

Thus we have retrospectively reviewed our
cases to evaluate treatment result of postop-
erative radiotherpy and to analyze various clin-
ical, surgical and pathological factors that af-
fect prognosis.

MATERIALS AND METHODS

Clinical records of 74 consecutive patients
with stage MO soft tissue sarcoma treated by
surgery and postoperative radiotherapy in Seoul
National University Hospital between August
1979 and September 1990 were analyzed. Ex-
clusions from this analysis are patients with
Kaposi's sarcoma, rhabdomyosarcoma, Ewing's
sarcoma and patients whose radiation dose was
less than 4000 ¢Gy. The age of patients ranged
from 20 to 67 years with a median of 49 vears.
Sex distribution was equa-37 men to 37
women. Follow-up period from the day of oper-

ation was from 3 to 145 months with a median
of 51 months.

The distribution by histology, grade, size is
shown in Table 1 and 2. The most commom his-
tology was liposarcoma(22 cases) followed by
malignant fibrous histiocytoma(18 cases), the
sum of these two representing 54% of the total.
Five cases could not be specified histologically
and were designated as ‘unclassified’. Tumors
were retrospectively re—graded on the basis of
differentiation, number of mitosis(per 10 HPF),
and necrosis(Coindre’s  classification®) and
scored as grade I, II, or M{(grade I, 23 cases;
grade II, 17 cases; grade M, 24 cases). Ten
cases were classified as ‘unknown grade’ due to
unavailability of histologic slides. While 68%(15/
22) of liposarcoma belonged to grade I, 50%(9/
18) of MFH belonged to grade III.

Table 3 shows the distribution by anatomic
site and stage. Forty one tumors arose in ex-

Table 1. Histologic Type and Grade

Grade
Type
I I MW Unknown Total

Liposarcoma 5 4 2 1 22
MFH 1 3 9 5 18
Mal. schwannoma 2 4 1 1 8
Synovial sarcoma 13 2 2 8
Leiomyosarcoma 0 3 4 0 7
Angiosarcoma 1 0 3 0 4
Epithelioid sarcoma O 0 1 0 1
Fibrosarcoma 0 0 O 1 1
Unclassified 3 0 2 0 5
Total 23 17 24 10 74

Table 2. Tumor Size and Grade

Maximum diameter(D ; cm)

Grade

D<b5 5<D<10 D>10 Total
1 4 8 11 23
il 2 11 4 17
m 7 11 6 24
Unknown 4 5 1 10
Total 17 35 22 74




tremity(8 in upper extremity, 33 in lower extrem-
ity, especially in thigh), 26 in the trunk(15 in the
retroperitoneum), and 7 in head and neck. Pa-
tients could be retrospectively re-staged ac-
cording to the American Joint Committee on
Cancer(AJCC) system®. This system uses his-
tologic grade as the major parameter with
tumor size considered secondarily. The stage
of our cases were: stage I, 22 cases: stage
II, 16 cases; stage I, 20 cases; stage IVA, 6
cases. Ten cases could not be staged beacuse
of ‘unknown grade’.

The patients were treated by marginal
(17cases), wide(b5 cases) or compartmental(2
cases) excision(Table 4) and all of the patients
received external beam postoperative radiothe-
rapy using *Co teletherapy unit or LINAC(6X,
10X, electron). Daily treatment was given at 180
to 200 cGy per fraction to a dose of 4500 to
5000 cGy. Boost dose was delivered to the
tumor bed through reduced field. Total radiation
doses were 4200-8820 cGy with a median of
6000 cGy. Wedge and bolus were used when
applicable. The radiation fields were designed
to cover the entire surgical bed. Treatment of

Table 3. Site and Stage

AJCC Stage

Site

I I Il VA Unknown Total
Head & neck 1 0 2 4 0 7
Trunk 7 9 6 1 3 26
Upper extremity 4 0 2 0 2 8
Lower extremity 10 7 10 1 5 33
Total 22 16 20 6 10 74

Table 4. Type of Combined Treatment Mo-

dalities
Type No(%)
Marginal exision 13(18)
Marginal excision+chemotherapy 4( 5)
Wide excision 48(65)
Wide excision+chemotherapy 7( 9)
Compartmental excision 2( 3)
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the entire circumference of the extremity was
avoided to prevent the development of lymph-
edema. Eleven patients received chemotherapy
of adriamycin containing regimens, as a part of
their care at the discretion of their physicians.

Local control, cumulative risk of distant me-
tastasis, disease free survival, and overall sur-
vival were calculated on an actuarial basis(life
table method'™) from the date of surgery until
local recurrence, distant metastasis, or death,
respectively. Clinical, surgical and pathological
factors were analyzed univariately to deter-
mine their effect on local control, freedom
from distant metastasis, and survival. Compari-
son of results was performed using the
Logrank test'.

RESULTS

Twenty seven patients(36%) experienced
local recurrences. The local contol rate for all
patients was 62.2% at 5 vyears and 60.0% at
8 years. Distant metastasis developed in 17
patients(23%) and the cumulative risk of dis-
tant metastasis was 22.3% at 5 years. The
overall survival rate was 72.3% at 5 vyears
and 58.5% at 8 years. The disease free survi-
val rate was 53.3% at 6 years and 48.3% at
8 vears(Fig. 1). Survival after appearance of
distant metastasis was 15.1% at 3 years.

Among 74 patients, 35(47 %) ultimately

overall survival

53.3%

disease free survival

Probability

0.2

° "
[} 2 4 [ 8
Years

Fig. 1. Survival in 74 patients with soft tissue
sarcoma.
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Table 5. Prognostic Factors Affecting Local

Control
Factors 5 year
local control(%)

Case

primary 41 72.0

recurrent 33 50.7 0.1712
Site

head & neck, trunk 33 58.1

extremity 41 65.6 0.3346
Size(cm)

D<5b 17 50.4

D>5 57 66.2 0.3291
Grade

I 23 86.8

I 17 59.6 0.0175

it} 24 42.1
Histology

liposa 22 81.0

MFH 18 41.9

mal schwannoma 8 35.7 0.0244

synovial sa 8 50.0
Operation

marginal 17 62.3

wide 55 61.1 0.7182

compartmental 2 100
Resection margin

positive 17 44 1

close{<2cm) 5 40.0 0.0271

negative 52 71.0
Lymph node

negative 68 60.9

positive 6 77.8 0.2992
Chemotherapy

yes 11 54.5

no 63 63.5 0.6715
Interval(wks)”

<6 53 62.2

>6 21 62.1 0.9674
Dose(cGy)

<6000 35 64.9

=6000 39 59.8 0.6295

*interval between surgery and radiotherapy

failed. Local recurrences were documented as
the first evidence of recurrence in 27 patients.
Of those, 23 had a local failure only and the

remaining 4 patients had a concurrent distant
metastasis, too. Though regional lymph node
involvement was found in 6 patients at pre-
sentation, lymph node failure occurred only in
two cases. One was an isolated nodal failure
{(leiomyosarcoma) and the other was combined
with primary site  failure(MFH). Distant metas-
tasis occurred as the first site of failure in 12
patients(8 as the only failure, 4 with local re-
currence) and 5 additional patients developed
such metastasis after local or nodal relapse.
The most common sites for distant metastasis
include the lung(59%), bone(18%), and liver(12
%).

Case(primary, recurrent), site of tumor, size
of tumor, tumor grade, histologic type, type of
operation, surgical resection margin, initial
lymph node involvement, use of chemotherapy.
interval between surgery and radiotherapy, ra-
diation dose were analyzed to determine their
effect on local control, freedom from distant
metastasis and survival. Because regional
lymph node involvement was observed in only
two patients, the factor was not included in
the analysis.

The tumor grade correlated well with local
disease recurrence. The 5 vyear local control
was 86.8% for grade I, 59.6% for grade II,
42.1% for grade M(p=0.0175). Local control
also was predicted by histologic type. Of the
22 patients with liposarcoma, 17 patients ex-
perienced local control(81.0% at 5 vyears),
whereas 5 year local control was only 41.9%
for patients with MFH, 35.7% for malignant
schwannoma, 50.0% for synovial sarcoma(p=
0.0244). The status of surgical margin also
had a significant effect on local recurrence.
Five year local control was 71.0% for patients
with negative margin, whereas local control
was 40.0% for patients with close margin and
44.1% for patients with positive margin(p =
0.0271). None of the other variables analyzed
achieved statistical significance with an
endpoint of local control(Table 5). Especially it
is not possible to relate the radiation dose de-



livered to local control. But in subgroup analy-
sis, among the 52 patients who had a nega-
tive resection margin, fourteen patients(14/46,
30%) who received less than 6500 cGy failed
locally versus none (0/6) who received 6500
cGy or more(p=0.1680)(Table 6).

Tumor grade and surgical margin also signifi-
cantly correlated with distant metastasis. Five
year distant metastasis free rate was 95.7%
of lesions with grade I, 86.7% of lesions
with grade II, 54.8% of lesions with grade II
(p=0.0043) and was B86.5% for patients with
negative margin as compared to 60.0% for pa-
tients with close margin, 55.1% for patients
with  positive margin{fp=0.0331). Recurrent
cases also have a trend toward a higher inci-
dence of metastasis(p=0.0255). No other vari-
able was found to significantly correlate with
distant metastasis(Table 7).

Tumor grade and surgical margin affected
overall survival significantly. & year survival
was 95.7% for patients with grade I, 73.0%
for those with grade II, and 53.7% for those
with grade M(p=0.0015). For patients with
positive, close, and negative surgical margin, 5
year survival was 41.2%, 60.0%, and 86.3%,
respectively(p=0.0001). Tumor site has a bor-
derline significance on the survival. The pa-
tients with head & neck or truncal sarcoma
had a lower survival rate than patients with
extremity lesion(68.5% vs 82.9% p=0.0510).
No survival benefit was associated with use
of chemotherapy. Al other factors analyzed

Table 6. Local Failure according to Dose and
Resection Margin
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had no effect on overall survival(Table 8).
DISCUSSION
In this study, b year disease free and overall

Table 7. Prognostic Factors Affecting Free-
dom From Distant Metastasis

No. of Iocal failure/No. treated

Dose(cGy)

Positive or close RM* Negative RM* Total
D<6000 5/10 7/25 12/35
6000<D <6500 5/ 7 7/21 12/28
6500<D <7000 2/ 4 0/ 2 2/ 6
D>7000 /1 0/ 4 1/ 5
Total 13/22 14/62  27/74

5 year freedom from

Factors No distant metastasis(%)
Case

primary 41 84.2

recurrent 33 70.6 0.0255
Site

head & neck, trunk 33 81.9

extremity 41 75.7 0.7518
Size{cm)

D<5b 17 80.1

D>5 57 77.1 0.8913
Grade

I 23 95.7

II 17 86.7 0.0043

m 24 54.8
Histology

liposa 22 90.2

MFH 18 56.5

mal schwannoma 8 81.8 0.2154

synovial sa 8 72.2
Operation

marginal 17 79.6

wide 55 76.4 0.6036

compartmental 2 100
Resection margin

positive 17 55.1

close(<2cm) 5 60.0 0.0331

negative 52 86.5
Lymph node

negative 68 78.6

positive 6 66.7 0.1842
Chemotherapy

yes 11 70.1

no 63 79.3 0.3607
Interval(wks)®

<6 53 77.6

>6 21 77.6 0.9550
Dose(cGy)

<6000 35 87.1

=6000 39 69.1 0.0841

“resecton margin

*interval between surgery and radiotherapy
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survival rate of all patients were 53.3% and
72.3% respectively. Although the reported sur-
vivals are difficult to compare because of po-

Table 8. Prognostic Factors Affecting Survi-

val

Factors No sgrzi/aarl(% ) P
Case

primary 41 77.0

recurrent 33 67.2 0.1801
Site

head & neck, trunk 33 58.5

extremity 41 82.9 0.0510
Size(cm)

D<5b 17 85.0

D>5 57 68.5 0.4025
Grade

1 23 95.7

i 17 73.0 0.0015

M 24 53.7
Histology

liposa 22 90.6

MFH 18 51.0

mal schwannoma 8 58.3 0.1769

synovial sa 8 75.0
Operation

marginal 17 81.0

wide ‘ 55 68.9 0.4549

compartmental 2 100
Resection margin

positive 17 41.2

close(<2cm) 5 60.0 0.0001

negative 52 86.3
Lymph node

negative 68 72.8

positive 6 66.7 0.6255
Chemotherapy

yes 11 71.8

no 63 72.3 0.5131
Interval(wks)*

<6 53 55.7

>6 21 66.4 0.4203
Dose(cGy)

<6000 35 72.1

26000 39 72.0 0.6722

“interval between surgery and radiotherapy

tential differences in histologic grade, tumor
site, pathologic type, this resulis of relatively
heterogenous population of patients parallels
the finding of others. For example, about the
5 year survival rate, Lindberg et al'® reported
33% for a trunk lesions and NCI randomized
trial® and Herbert et al'® reported 83% and 70
%, respectively for the extremity lesions. In
our study, among 74 patients, 27 patients ex-
perienced local recurrences and 17 patients
developed distant metastasis. The most com-
mon site of distant metastasis was the lung
(59%). Survival after appearance of distant
metastasis dropped abruptly to 15.1% at 3
years. Thus the factor which most strongly
determines the survival time is the advent of
distant metastasis.

The incidence of nodal involvement at pre-
sentation in our series(8%, 6/74) is slightly
higher than that(1.3%) reported by Suit et at1'¥
but consistent with that(10%) reported by
Paoc et al'™®. We are in agreement with other
authors that elective lymph node dissection or
prophylactic irradiation to the Iymph node
drainage area is not generally warranted'®.

This our analysis found the tumor grade, his-
tologic type, and the status of the surgical
resection margin to be prognostic factors for
local control. Lindberg et al'® reported that the
difference in local failures between grade I
and grade MM(6.3% and 31.6% respectively)
was significant(p<0.025) in lesions less than
5cm. But Pao et al'®demonstrated no such
correlation. In this study, a histologic diagnosis
of liposarcoma was less commonly associated
with local recurrence probably due to high
proportion(15/22) of a low grade lesions.
Collin et al' found liposarcoma to be associat-
ed with the best local control and same differ-
ence has been noticed in the lower extremity
lesions by Lindberg et al'® (ie. local recur-
rence rate for liposarcoma was 3.6%(1/28) in
contrast to 50%(12/24) for neurofibrosarcoma).
Suit et al's report' of the MGH experience for
patients with stages IIB, B, IVA showed that



local control rate was 79% with negative mar-
gin and only 57% with positive margin and a
recent review of patients with MFH treated
with surgery and postoperative radiotherapy
also found high local recurrence among pa-
tients with positive or close margin'®. But the
review by Potter et al'® of 211 patients with
high grade soft tissue sarcomas treated at the
NCI showed that the status of microscopic
margin. in the definitive resection specimen
was not a significant prognostic variable in de-
termining local control. Other factors analyzed
in the current analysis for local control were
not found to be statistically significant. Espe-
cially about the radiation dose, although the
range of radiationvdoses in the current experi-
ence was wide(4400-8820cGy), we did not
identify any dose response relationship with
regard to local control. This result could be
explained by the uneven distribution of doses
(i.e. the only 3 patients received more than
7000cGy). But in subgroup analysis of nega-
tive resection margin group, we found a trend
toward favoring dose more than 6500cGy{p=
0.1880). According to Pao et al'® among the
35 patients who did not have gross residual
tumor or limited treatment volume, all of two
patients who received less than 5000cGy
failed locally versus 1/18 patients who re-
ceived between 5000-6000cGy and 2/15 pa-
tients who received more than 6000cGy. In
Herbert's analysis' there was a trend toward
improved local control with higher dose by
univariate analysis(p=0.09). Now the majority
of the larger modern series reported their
results with postoperative doses of 6000cGy
or more to the tumor bed.

In our analysis, tumor grade and status of
surgical margin predicted distant metastasis.
Leibel et aP” showed that the development of
distant metastasis was significantly influenced
by the grade. Fifty three percent of the pa-
tients with grade I tumors developed distant
metastasis while only 7% of patients with
grade I or grade II diseases developed dis-
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tant spread. Our patients have a similar 5 year
cumulative risk of distant metastasis according
to grade. The finding of an association be-
tween surgical margin and distant metastasis
had been reported by the Herbert et al'™® and
may represent a extensive residual disease
which provide focus of hematogenous seeding.
Some authors suggest tumor size as a prog-
nostic factor of distant metastasis. Among pa-
tients with grade II or I sarcomas, Suit et al
" found that there is a relentless and progres-
sive increase in the frequency of distant me-
tastasis with size of the primary lesion, namely
6% at <2.5cm, 60% at 15 to 20cm, and 80%
at >20cm.

Our analysis also found that tumor grade
and surgical margin have a great effect on
survival. The tumor grade is well known prog-
nostic factor of survival and numerous study
confirmed this correlation'*™'”. Recent report
of Ueda et al*” also showed the difference in
survival between the patients with low grade
and high grade(p=0.05). Thus the current
American Joint Committee on Cancer(AJCC)
handled tumor grade as a most important com-
ponent of staging system. As like our study,
Rosenberg® and Herbert™ showed that pa-
tients with negative margin had significantly
superior survival rates compared with patients
with inadequate(grossly or microscopically pos-
itive) margin. However in Pao and Potter’s
analyses'™'® microscopic margin status showed
no effect on overall survival. This analysis also
revealed tumor site as an adverse prognostic
factor. Like Lawrence and Lindberg's experi-
ences"'?, anatomic site of head & neck,
retroperitoneum was related with poor progno-
sis in terms of b year survival. But Ueda et al
™ did not find such relationship. Tumor size
has been found to be associated with survival
in other study® and now is a component of
the AJCC staging system.

Conclusively, our data showed that status
of surgical margin in the resection specimen is
a very significant prognostic variable in deter-
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mining disease free and overall survival. The
best treatment of patients with positive surgi-
cal margin has not yet been established. Gen-
erally patients undergoing a limited surgical
procedure should undergo a definitive sarcoma
operation and operating surgeon should be
eager to get adeguate resection margins.
Giuliano and Eilber® reported a 49% incidence
of macroscopic residual tumor at the time of re-
excision. In addition to re-excision, afterloading
brachytherapy catheters can be placed at the
time of second excision and this approach has
been selectively and successfully utilized by
some authors®*™®. In spite of re-excision or
radiotherapy, the patients may continuousty
suffer from distant metastases seen frequently
among patients with inadequate surgical mar-
gin. However, a recent article by Leibel et aP*”
suggested that locoregional control was the
most significant variable affecting the develop-
ment of distant metastasis. Thus more effective
local therapy(re—excision, intraarterial chemother-
apy with hyperthermia, high LET radiotherapy)
for patients with positive surgical margin may
affect local control and perhaps distant metas-
tasis and survival for some patients. But un-
solved remaining problem of distant metastasis
demands more effective chemotherapy for the
purpose of improving survival definitely.

CONCLUSION

Seventy four cases of soft tissue sarcoma
which had been treated with surgery and
postoperative radiotherapy were analyzed and
the following results were obtained.

1) Combined conservative surgery and post-
operative radiotherapy for soft tissue sarcoma
can obtain good local control and overall survi-
val.

2) High histologic grade and involvement of
the surgical resection margin are adverse prog-
nostic factors for local disease control, distant
metastasis free and overall survival.

3) The operating surgeon should do his best

to get negative resection margin. In cases
where margins are close or positive, re—exci-
sion should be performed.

4) Further therapeutic measures using effec-
tive chemotherapy should be explored in the
hope of improving overall survival.
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