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In 132 soft-tissue sarcomas and 52 benign soft-
tissue tumors, celularproliferation was examined
by immunohistochemistry using monoclonal anti-
bodies Ki-SJJ (Ki-67 antigen) and Ki-SJ (topoi-
somerase Ha) and by flow cytometric analysis of
the S-phasefraction (SPF). Malignant tumors were
graded histologically according to the Fed6ration
Nationale des Centres de Lutte Contre le Cancer
(FNCLCC) system. Patient age, sex, tumor loca-
tion, histological type, and DNA ploidy were con-
sidered as additionalprognostic variables. Consis-
tent immunoreactivity was seen in approximately
95% of the cases, and determination of SPF was
possible in approximately 60%. Ki-S11 and Ki-SJ
immunolabeling indices correlated in a linear man-
ner. Al proliferation parameters yielded signifi-
cant differences between benign and malignant tu-
mors. Ki-SJJ andKi-S1 immunoreactive scores also
co-varied signijicantly with SPF, mitotic count, and
histopathological grade. In univariate analysis,
immunohistochemical proliferation indices, his-
topathological grade, mitotic count, and SPF were
predictive ofoverall survival and the development
ofmetastases. In multivariate analysis, immunola-
beling scores ofproliferation markers, grade, and
SPF emerged as independent predictors ofglobal
survival and systemic progression. We conclude
that the immunohistochemical assessment ofpro-
liferation, being more readily performable and
more easily assessable than the equally relevant S
phasefraction, may add appreciable information

to the current prognostic models for soft-tissue
sarcoma. (AmJPathol 1997, 150:1997-2007)

The term soft-tissue sarcoma (STS) stands for a
group of biologically and phenotypically heteroge-
neous aggressive tumors with a propensity for local
recurrence and distant metastatic spread. Clinical
outcome appears to depend on several factors with
variable impact. Whereas the surgical margins are of
capital importance for the local control of the dis-
ease,1-4 the histopathological grade has emerged
as the most relevant predictor of systemic progres-
sion and overall patient survival.5-9 Several grading
systems, based on morphological criteria such as
cytology, patterns of tumor growth, gross or micro-
scopic finding of necrosis, and mitotic count, have
been proposed.6710 15 At least two of them, from
the National Cancer Institute6 and the F6d6ration
Nationale des Centres de Lutte Contre le Cancer
(FNCLCC),7 were shown to be of high prognostic
relevance and have gained widespread accep-
tance.16 Nevertheless, the interpretation of morpho-
logical features inevitably harbors a part of subjec-
tivity, which is reflected by an incomplete agreement
between different observers.17 Also, the method of
mitosis counting is neither standardized nor well re-
producible,18'19 and the number of assessable mi-
totic figures does not always correlate with the actual
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proliferative activity of a tumor cell population.20'21 In
this regard, assessment of the growth fraction by
immunohistochemistry using proliferation-specific
antibodies might provide more precise and objective
information and grant a better reproducibility.
The aim of the present retrospective study was

therefore to investigate the prognostic relevance of
the proliferative activity in adult STS. We present a
novel monoclonal antibody to the Ki-67 antigen,22'23
Ki-Sl 1, which has the advantage of being well suited
for Bouin-fixed material, and compare the immuno-
staining results with another proliferation marker
generated in our laboratory, Ki-Sl,24 26 as well as
the S-phase fraction (SPF) as determined by flow
cytometry. The specificity of the antibody was veri-
fied by Western blot analysis, and its sensitivity was
controlled by correlation of the immunolabeling
scores with the signal intensity in Western blots using
cellular lysates of the corresponding tumor samples.
In addition, we investigated the relevance of various
other parameters with a possible prognostic impact
by both univariate and multivariate analysis. We will
show that the immunohistochemical assessment of
the proliferative activity provides complementary
prognostic information and may help to improve the
accuracy of current grading systems for STS.

Materials and Methods

Patients
A total of 184 cases of patients admitted between
January 1, 1980, and December 31, 1989, from
which fresh tissue samples were available, were re-
trieved from the files of the French Federation of
Cancer Centers (FNCLCC). Of these, 132 cases
were diagnosed as STS, the remainder as benign
soft-tissue tumors. Of the 132 sarcoma patients, 71
had been admitted for primary surgery and 61 for
local tumor recurrence, and 18 presented with met-
astatic disease at the time of diagnosis. From the
collective, three groups were formed: patients with
benign tumors, the totality of sarcoma patients
(STST), and patients without assessable metastasis
at the time of first surgery (STSMO). Complete clinical
data could be obtained for all patients by review of
the medical records. For all sarcoma patients, RO or
at least Rl tumor resection was verified. Median
follow-up was 43.7 months (from 1 to 170 months).

Tumors
Hematoxylin-and-eosin-stained sections of the tu-
mors were reviewed for diagnosis by the pathology

Table 1. Survey of the Histological Tumor Types and
Corresponding FNCLCC Grades of the Total
Sarcoma Collective (n = 130)

Histological type

MFH
Fibrosarcoma
Liposarcoma
Leiomyosarcoma
Synovial sarcoma
Others
Unclassified
Total

Grade

1 2

3
2

17
0
0
1
0

23

21
1

15
6
2
8
3

56

3 Total

21
1
3
4
4

1 1
7

51

45
4

35
10
6

20
10

130

In two cases, grading could not be performed (drill biopsies).

subcommittee of the FNCLCC sarcoma group, which
includes a mean number of seven pathologists.
Whenever necessary, immunohistochemistry was
performed for the confirmation of diagnosis or tumor
typing according to the Enzinger and Weiss classi-
fication.27 Benign tumors comprised mucoid
pseudocysts (n = 1), inflammatory pseudotumors
(n = 1), ossifying myositis (n = 1), palisading myo-
fibroblastomas (n = 2), desmoid tumors (n = 16),
benign fibrous histiocytomas (n = 1), fibromyxoid
ossifying tumors (n = 4), lipomas (n = 8), angiolipo-
mas (n - 2), angioleiomyomas (n = 1), hemangio-
mas (n = 1), neurofibromas (n = 8), and benign
schwannomas (n = 6). Malignant tumors were
graded according to the FNCLCC grading system,7
which is based on three histological criteria, ie, tumor
differentiation, mitotic count, and the extent of necro-
sis. A detailed survey of the diagnoses and corre-
sponding tumor grades is given in Table 1. For fur-
ther processing, paraffin-embedded samples were
selected for the most representative and best pre-
served tumor tissue.

Antibodies
Monoclonal antibody Ki-Sl 1 was generated by so-
matic hybridization of splenocytes from BALB/c mice
immunized with nuclear extracts from L428 cells with
P3x63-Ag.8653 mouse myeloma cells as described
before.26 Immunoreactive clones were selected by
screening on normal tissues, subcloned, and ex-
panded.

Reactivity of the paraffin-embedded material was
tested with the proliferation-specific antibodies Ki-
S5,21 MIB-1 (Dianova, Hamburg, Germany), Ki-
S1,21'24 and Ki-Sl 1 by comparison with the immuno-
labeling in snap-frozen samples of the same tumor
tissue.
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Western Blot Analysis

Tumor tissue from snap-frozen samples was mashed
with a scalpel, weighed, dissolved in a lysis buffer
composed of 4 mol/L urea, 2.5% sodium dodecyl
sulfate (SDS), 100 mmol/L Tris, pH 6.8, and 5 mmol/L
EDTA (all reagents purchased from Merck, Darms-
tadt, Germany) and stirred overnight at 4°C. After
addition of 500 ,ul of buffer (composition as above
but with omission of SDS), the probes were disrupted
by sonication (80 bursts) and stored as 500-p.l ali-
quots. The protein content was determined by
means of the BCA protein assay (Pierce Chemicals,
Rockford, IL) according to the distributor's instruc-
tions. Each aliquot was then supplemented with 20
,ul of P-mercaptoethanol, and proteins were dena-
tured for 30 minutes at 60°C. Subsequently, 60, 30,
and 15 p.g of protein from each tumor were sepa-

rated by SDS-polyacrylamide gel electrophoresis (5
to 10% gels) and transferred to polyvinylidene dif-
luoride membranes (Millipore, Eschborn, Germany)
by semi-dry blotting for 50 minutes. Correct protein
loading was verified by Coomassie Brilliant Blue
staining. Primary antibodies (Ki-S1 1 and Ki-Sl, cell
culture supernatants diluted 1:100 in phosphate-
buffered saline (PBS) supplemented with 1% bovine
serum albumin (BSA), and antibody Ki-67 (Dianova),
diluted 1:30) were admixed with 10% Tris buffer (1
mol/L), pH 8.0, and incubated on the membranes
overnight. After four washes with PBS/BSA, the mem-
branes were incubated successively with biotiny-
lated goat anti-mouse antiserum (DAKO, Glostrup,
Denmark) diluted 1:2000 and streptavidin-biotin
complex diluted 1:100, for 1 hour each, and washed
each time as above. The reaction was visualized by
chemiluminescence exposition of roentgen films
(ECL, Amersham, Poole, UK).

Immunohistochemistty
Immunohistochemistry was performed as described
before.21 Briefly, 4-p.m sections were cut from Bouin-
fixed, paraffin-embedded tissue specimens,
mounted on 3-aminopropyl-triethoxysilane-coated
slides, and routinely processed. For antigen re-

trieval, the sections were immersed in 0.01 mol/L
citric acid, pH 6.0, and heated in a microwave oven

(Toshiba) for 15 minutes at the highest power setting.
Endogenous peroxidase activity was blocked by 3%
(v/v) hydrogen peroxide in methanol for 5 minutes.
After rinsing with PBS, primary antibodies were incu-
bated on the sections for 30 minutes at room tem-
perature, and the immunoreaction was enhanced

using the streptavidin-biotin complex and rabbit anti-
mouse antibody.

After scanning the slides at low magnification to
determine the most evenly labeled tissue areas, a
minimum of 1000 tumor cells were counted at high
power, and the number of labeled nuclei was calcu-
lated as a percentage of the total cell count.

DNA Measurements

Cellular DNA content was assessed as described
elsewhere.29 Briefly, snap-frozen tissue samples
were mechanically disintegrated and resuspended
in 0.5 ml of PBS. Two nuclear suspensions of each
tumor with adjusted cell concentrations were stained
with propidium iodide. Human peripheral blood lym-
phocytes added previously to one of them served as
diploid standards. Flow cytometric analysis of DNA
content was performed on a FACSCAN flow cytom-
eter (Becton Dickinson, Mountain View, CA). A coef-
ficient of variation of 2% or less, as measured at the
base of the diploid peak of GO/G1 peripheral blood
lymphocytes, was considered a prerequisite for tu-
mor sample analyses, which were all performed un-
der equivalent conditions. The DNA index of a cell
population was determined by dividing the modal
channel position of the aberrant GO/Gl peak by the
modal channel position of the diploid peak. The frac-
tions of cells in GO/Gl, S, and G2/M phases of the
cell cycle were calculated by means of the RFIT
mathematical model of the flow cytometer-integrated
software. This analysis was submitted to restrictive
conditions, ie, less than 15% cell debris, a major
percentage of aneuploid cells in aneuploid tumors,
and a coefficient of variation of <5% for each aneu-
ploid peak. Multiploidy (more than one nondiploid
stemline) also precluded cell cycle analysis.

Statistics
The following variables were considered for their
prognostic value: patient age at presentation, sex,
tumor location, histological type, tumor grade, mi-
totic count, SPF, ploidy status, and Ki-Sl 1/Ki-S1 im-
munolabeling scores. Relationships between vari-
ables were analyzed by means of the Spearman rank
correlation coefficient, the Wilcoxon matched pairs
test, and nonparametric Kruskal-Wallis analysis of
variance. Survival curves and metastasis-free inter-
val were computed by the Kaplan-Meier method us-
ing the BMDP 1 L software. Date of diagnosis was
considered as the time of origin. All deaths, regard-
less of their cause, were considered as events. Sig-
nificance levels of the differences between curves
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were calculated by the log-rank test. Hierarchy
among prognostic variables was established by mul-
tivariate analysis using the Cox model and a step-
wise method (program BMDP 2L). The confidence
level for statistical significance was set at P < 0.01.
All variables were analyzed as binary variables. For
multivariate analysis with respect to overall survival
and the occurrence of metastases, only the STSM0
patient collective was taken into account, and factors
achieving statistical significance in univariate analy-
sis (P < 0.01) were considered exclusively.

Results

Clinical Data
The male/female ratio was approximately 1:1 in the
two patient collectives. Among the patients with be-
nign soft-tissue tumors, 25 (48.1%) were male and
27 (51.9%) female; in the group with STS, there were
65 males and 67 females (49.2 and 50.8%, respec-
tively). Patient age ranged from 15 to 76 years in the
benign tumor group (mean 45.7 + 15.4) and from 18
to 92 years (mean 56.1 + 16.1) in the STS group.
After exclusion of the 32 patients who presented with
metastatic disease at the time of initial surgery, there
remained 54 (54%) males and 46 (46%) females.
Mean age in this group (MO) was 55.6 + 15.7 years
(ranging from 20 to 85 years).
Tumor locations in the STST group were head and

neck (n = 4), upper limbs (n = 11), lower limbs (n =
54), and trunk (n = 61); of the latter, 32 were super-
ficially located and 29 deep seated. In two cases, no
corresponding clinical information could be ob-
tained.

The 5-year survival probability in the STST collec-
tive was 54% with a median survival of 62 months;
local recurrence occurred in 59 patients (44.7%), 47
(35.6%) developed metastases, and 50 (37.9%) died
of the disease. Corresponding data in the STSM0
group were 5-year survival probability of 64.6%, lo-
cal recurrence in 34 cases (34%), and 25 (25%)
disease-related deaths; 25 (25%) of these patients
ultimately developed metastases.

Antibody Characteristics
Screening of Ki-Sl 1 on normal tissues had revealed
a distribution pattern highly reminiscent of that of the
Ki-67 protein. In accordance with this observation,
Western blot analysis of tissue lysates revealed a
double protein band at approximately 395 and 345
kd, which was likewise recognized by the monoclo-
nal antibodies Ki-67 and Ki-S5 (Figure 1). In addition,
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Figure 1. Comparative Western blot analysis of crdcle extracts fron
L428 cells. Like the original Ki-67 antibody2 anid Ki_S5,21, 5 Ki_SI1
recognizes a double band at 395 antd 345 kd corresponiding to the
Ki-67protein. The additional ban-ds at approximately 130 and 80 kd
probably represent degradation products containing the Ki-S11 bind-
in1g site.

Ki-Sl1 stained two protein bands near 130 and 80
kd, the first of which also yielded a weak signal with
Ki-S5. A Western blot of the same cell extracts with
MIB-1 showed several bands within the same range
(data not shown). To compare the tissue immunore-
activity with the actual expression of the antigenic
protein, we selected four tumors with different immu-
nolabeling scores (three STSs and one benign tu-
mor) and performed a Western blot analysis with the
antibodies Ki-Sl and Ki-Sl 1 using different protein
quantities of tumor cell lysates. Tumors with high
immunostaining indices yielded a significantly stron-
ger signal with both antibodies, and the signal inten-
sity was proportional to the quantity of applied pro-
tein (Figure 2). Again, in samples C and D, minor
protein bands were stained by Ki-Sl1, which were
apparently unrelated to the immunoreactivity of the

a
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b.:: .. .. Q - 205 Figure 2. Western blot experiment using whole
lysates from fresh-frozen tumor tissue (60, 30,
and 15 pug ofprotein, respectively) with Ki-Sll

- 116 (A) and Ki-Sl (B). Correct protein loading is
verified by Coomassie Brilliant Blue staining
(right). Lane A, benign desmoid tumor with

- 97 approximately 1% immunoreactive cells; lane
-866 B, leiomyosarcoma with 45% immunoreactiv-

ity, lane C, MFH with 70% immunoreactivity;
lane D, round-cell liposarcoma with an immu-
nolabeling index ofapproximately 5%. The sig-
nal intensity for both the Ki-67 antigen and
topoisomerase IIa is proportional to the immu-
nolabeling indices, which were virtually equiv-
alentfor Ki-S1 and Ki-Sl in these samples.

tissue samples. Indeed, nonspecific cross-reactivity
was never observed. Figure 3 illustrates the immu-
nostaining of paraffin sections by Ki-Sl1 and Ki-Sl.

In a preliminary test series, including 10 benign
and 20 malignant tumors, only the antibodies Ki-Sl
and Ki-Sl 1 were found to yield consistent results.
Virtually identical immunolabeling scores were ob-
served in fresh and paraffin-embedded material.
With Ki-S5 and MIB-1, the immunostaining of paraffin
sections was often weak, and a substantial percent-
age of tissue samples showed no reactivity. Conse-
quently, the two former antibodies were exclusively
used in the present study. All sections were evalu-
ated by at least two independent pathologists. Inter-
observer agreement as to immunolabeling scores

averaged 95%.

Tumor Characteristics
The number of mitotic figures per 10 high-power
fields (HPF) ranged from 0 to 100 (mean 16 17) in
the STST group and from 0 to 90 (mean 16 16) in
the STSM0 subgroup. In benign tumors, the mitotic
count ranged from 0 to 6 (mean, 1 + 1.5).
The SPF could be determined in 83 (62.9%) of

all STS cases, corresponding to 57 (57%) in the
MO group and in 46 (88.5%) of the benign tumor

patients. Failure to calculate SPF was mainly re-

lated to the high rate of multiploidy in the STS
collective and to technical causes in a minor per-

centage of cases. Mean values, standard devia-
tions, and ranges are summarized in Table 2. The
ploidy status was assessable in all cases. Forty-
eight (92.3%) of the benign tumors were diploid,
two (3.9%) near diploid, and two (3.8%) aneuploid.
In the STST group, there were 37 diploid (28.0%),
14 hypodiploid (10.6%), and 5 near-diploid tumors
(3.8%); the remaining 76 tumors (57.6%) were ane-

uploid. Among the STSM0 tumors, 28 (28%) were

diploid, 10 (10%) hypodiploid, 5 (5%) near diploid,
and 67 (67%) aneuploid.

Ki-Sl immunoreactivity was seen in 49 (94.2%) of
the benign tumors and 125 (94.7%) of the sarcomas,

amounting to 97 (97%) in the STSM0 subgroup. Ki-
Si 1 reacted with 126 (95.5%) of the sarcomas (98
(98%) in the STSM0 subgroup) and 46 (88.5%) of the
benign tumors. Negative samples lacking an internal
positive control (eg, lymphocytes or endothelia with
proliferative activity) were disregarded. For median
values as well as the 25th and 75th percentiles of the
different tumor groups and malignancy grades, with
an additional distinction between malignant fibrous
histiocytomas (MFHs) and other histological types
(see Table 2).

Table 2. Median Values and 25th and 75th Percentiles (in Parentheses) of Ki-Sll and Ki-Sl Immunolabeling Indices,
Mitotic Count (MC), SPF in Relation to Tumor Grades and Histological Type (MFH/Other Histology)

Ki-S 1 (%) Ki-Sl (%) MC/10 HPF SPF (%)

BST 5 (1-10) 5 (1-10) 0 (0-1) 1.30 (0.7-1.8)
STS
Gl 10 (5-23.75) 10 (5-23.75) 2 (1-3.5) 1.90 (1.15-2.8)
G2 25 (15-35) 25 (15-35) 8 (4-14) 2.65 (1.7-4.5)
G3 40 (30-50) 40 (30-50) 28 (21-36.5) 9.05 (3.5-12.9)

MFH 35 (25-45) 37.5 (25-50) 17 (6.7-2.5) 8.5 (4.2-12.5)
Non-MFH 20 (10-35) 25 (15-35) 10 (3-21) 2.6 (1.6-4.5)
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Figure 4. Scatterplot diagram illutstrating a linear and highly signifi-
cant correlation between the S phase fraction and the Ki-SI1 immu-
nolabeling inidex.

Correlations
Correlations were calculated separately for the three
tumor groups. Overall, an excellent correlation was

found between Ki-Sl and Ki-Sl1 immunolabeling
scores (r = 0.889 in benign tumors, r = 0.881 in
STST, and r = 0.857 in STSMO, P < 0.0001). Ki-Sl
indices also correlated well with the SPF in STS (r =
0.683, P < 0.0001) and the STSMO subgroup (r =
0.755, P < 0.0001), whereas they co-varied to a

much lesser extent in benign tumors (r = 0.325, P =

0.0337). Comparison of Ki-Sl 1 indices with the SPF
yielded similar results (r = 0.321, P = 0.0407 in BST;
r = 0.662 and 0.677 in STST and STSMO, respec-

tively, P < .0001). Figure 4 illustrates the respective
values of SPF and Ki-Sl1 labeling in the STSMO
group in a scattergram with corresponding regres-

sion function. The correlation of the immunolabeling
scores with the mitotic count also achieved high

..a.. - -.-. -.. statistical silanicanltce.8 (Tftr Ki-Sl1 r = 0.533.: andi_ ~~~~~~~.I I_ .- I .... ___%._ _.,.

0.528 in the STST and STSMO groups, respectively,
and 0.494/0.482 for Ki-Sl1, P < 0.0001). A signifi-
cant correlation was also found between Ki-Sl 1 and
Ki-Sl labeling indices and the tumor grade as well as

DNA ploidy. The results are summarized in Table 3.

Survival Analysis
Overall and relapse-free survival probabilities in re-
lation to all potential prognostic factors were com-

puted by Kaplan-Meier analysis for the STST and
Figure 3. A: Louw-grade myxoid liposarcoma with less than 5% Ki-Sll- STSMO groups. The differences between the survival
positive cells. B: In this case ofpoorly differentiated sarcoma, a high
percentage offtuniorcellsarereactiveuwithKi-S 1.C: Thebizarregiant curves were evaluated by the Mantel-Haenszel log-
cells oj' AIFH do not represent degenerative chaniges but retain a rank test to determine statistical significance levels.
proliferative potential as shown by Ki-S11 labeling; a highly atypical The results are summarized in Table 4. With regard
mnitotic jigoire is seen at right. D: During mitosis, a finely, puntctate;
nin{cleoplasttiic staininig is characteristic of topoisomeraselIa (Ki-SD. to Ki-Sl and Ki-Sl 1 immunoreactive scores, cutoff
Streptaiidin-biotin complex techniqiw hematoxylin counterstain, points at 20 and 40% immunoreactive cells weremnagnfication, x 350.

selected according to the results of previous stud-
ies.263031 In the STST collective, low Ki-Si and Ki-

2002 Rudolph et al
A/P,june 1997, Vol. 150, No. 6

p

-.-- --..-- .. --- .. -1- 1- 1- - ... - - v



Novel Proliferation Marker for Soft-Tissue Sarcoma 2003
AJP June 1997, Vol. 150, No. 6

Table 3. Correlations between Ki-Si1 and Ki-Si Immunolabeling Indices, Mitotic Count, SPF, Histological Type (MFH/
Other), Tumor Grade, and DNA Ploidy Status in Benign Soft Tissue Tumors (BST) and Sarcomas (STS)

Significance level (P value)
Ki-Sl1

Ki-Sl1
BST
STS

Ki-Sl
BST
STS

Ki-Sl

<0.0001
<0.001

<0.0001
<0.001

MC

<0.001
<0.001

0.012
<0.001

SPF

0.09
<0.0001

0.032
<0.0001

Type

0.0029

0.0009

Grade

<0.001

<0.001

Ploidy

0.0003

0.0003

Si 1 scores were associated with a significantly im-
proved overall survival (Figure 5), whereas no
statistically significant differences were found by
comparison of the classes with 20 to 40 and >40%
proliferating cells. Similar results were found in the
STSMO collective, and immunolabeling scores 2
20% were highly predictive of the development of
metastases (Figure 5). Concerning overall survival,
FNCLCC grade, mitotic count, and SPF were also of
high prognostic relevance. In addition, FNCLCC
grade 3 and a mitotic count of -20 were significantly
predictive of metastatic tumor expansion, whereas
aneuploidy and an SPF of .4% reflected a mere
trend. All other parameters did not amount to statis-
tical significance (Table 4).

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Ki - S11 <20% (n = 52)

p = .0004

K-Sl1 >20%(n-74)

0

A
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0.9
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0.7.
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0.5.

0.4

0.3 .
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Ki - S <20% (n = 48)

p = .0008

Ki - Si 20% (n 77)

B 0 12 24 36 48 60 72 84 96 108 120

months

Figure 5. Kaplan-Aleier analysis of cumniative overall surnIval in the
STSTgronip ( 132 obsersvations). A: A Ki-SJ 1 immunolabeling index of
>20% is associated with a significanitlv poorer prognosis. B: Similar
results are Jbundfor Ki-S1.

Multivariate Analysis
Multivariate analysis was performed for the STSMO
collective exclusively. A Ki-Sl 1 score of .20%
emerged as the most significant predictor of short-
ened overall survival, followed by an SPF of .4%
and histology of MFH. As to the development of
metastases, the most relevant prognosticator was
FNCLCC grade 3, followed by a high Ki-Sl 1 index
and histology of MFH. When SPF was removed from
the model (94 observations), only the Ki-Sl immuno-
labeling index appeared to influence overall survival,
whereas the FNCLCC grade 3 was found the leading
independent predictor of metastatic spread, fol-
lowed by a Ki-Sl score of .20%. Relative risks,
confidence intervals, and P values are summarized
in Table 5.

Discussion
Current strategies for the clinical management of
STSs are largely dependent on the prediction of their
biological behavior. Despite the low incidence of this
type of neoplasia, multiple studies have endeavored
in elaborating reliable prognostic criteria (see Ref. 8
and references therein). Several clinical characteris-
tics, eg, tumor location, tumor size, and patient sex
and age, appear to influence local recurrence, met-
astatic spread, and survival rates.8 Nevertheless,
histopathological criteria, such as tumor type, de-
gree of differentiation, cellularity, nuclear atypia, mi-
totic activity, and the amount of necrosis, are likely to
yield more consistent prognostic information.6,32 By
combining several of those parameters, histopatho-
logical grading appears to improve the prognostic
accuracy irrespective of the grading system. How-
ever, a recent study comparing the two most widely
accepted grading systems (National Cancer Institute
and FNCLCC) demonstrated a significantly better
correlation with the clinical outcome for the latter9
and suggested its preferential use for predicting the
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Table 4. UJnivariate Analysis of the Influence of Tumor
Tjpe, Patient Age and Sex, Histopathological
Grade., S Phase Fraction, Mitotic Couint, and
Ki-Sll/Ki-Si Labeling Indices on the
Development qf Metastases and Overall
Survival in the STST and STSMO (*) Collectives

P Value

Metastases Overall survival

Histology (MFH/others)

Age (<50 years/250
years)

Sex

Grade

SPF (<4%/.4%)

Mitotic count (<10/
.20/10 HPF)

DNA polidy

Ki-S 1i LI (<20h220%)

Ki-Sl LI (<20/.20%)

0.3977
0.6801 *
0.2739
0.2101 *
0.52
0.1908*

7 x 10-7
1 x 10-5*
0.035
0.1806*

<0.0001
<0.0001 *

0.017
0.064*
0.0005
0.0032*
0.0008
0.0001 *

0.723
0.6418*
0.7665
0.4175*
0.9917
0.097*
0.004
0.016*
0.0017
0.01605*
0.005
0.0047*
0.2224
0.469*
0.0004
0.0016*
0.0008
0.0001*

prognosis of STS. Accordingly, the FNCLCC grade
was exclusively used in the present study.

Notwithstanding their predictive value, current
prognostic models might profit from further refine-
ment, eg, the complementary application of biopo-
tential markers. We therefore investigated the rele-
vance of immunohistochemical proliferation markers
and the flow cytometric analysis of DNA content in
relation to the histopathological grade and a panel of
other potential prognostic variables. The growth frac-
tion was assessed by means of monoclonal antibod-
ies reactive with two different antigens the prolifera-
tion specificity of which is amply documented.22'28'33

Antibody Ki-Sl 1 recognizes the Ki-67 protein,22'23
as verified by staining of the characteristic 395- and
345-kd bands in Western blot analysis (Figure 1).

Although we cannot definitely exclude a cross-reac-
tivity with an unrelated protein, we believe that the
additional bands at approximately 130 and 80 kd
represent degradation products of the main antigen.
Considering the high sensitivity of the Ki-67 protein
to protease digestion,23 which is due to the presence
of numerous PEST sequences33 and accounts for
the rapid disappearance of the antigen from cells
leaving the cycle, those are an expected finding. The
fact that they were not recognized by the antibody
Ki-67 may be explained by a lower overall sensitivity
of the latter.34 Also, it is probable that Ki-Sl 1 binds to
a different epitope, which would be consistent with
its exceptional reactivity in Bouin-fixed tissue. Be-
cause enhancement of Ki-67 antigenicity requires
the association of the protein with DNA,35 the pro-
teolytic fragments apparently do not influence the
histological immunolabeling scores, as documented
in Figure 2, lane D. Accordingly, immunoreactivity
scores on paraffin-embedded material correlated
well with the signal intensity in immunoblots using
whole lysates of snap-frozen tissue of the same tu-
mors (Figure 2). Comparable results were obtained
with Ki-Sl, an antibody to topoisomerase la,2836 as
shown by the signal intensity of a 170-kd band in
Western blot analysis using the same tissue samples
(Figure 2B).

Both proliferation markers co-varied with the mi-
totic count and the SPF as determined by flow cy-
tometry (P < 0.001) and correlated with the FNCLCC
tumor grade (P < 0.0001). In univariate analysis,
they were predictive of both overall survival and the
development of metastases. In a multivariate model
including SPF, a Ki-Sl 1 index of -20% emerged as
the most significant independent predictor of overall
survival (P = 0.0088), followed by the SPF (P =

0.012) and histology of MFH (P = 0.027). Develop-
ment of metastases was influenced by the his-
topathological grade (P - 0.001 1), the Ki-Sl 1 label-

Table 5. Multivariate Analvsis Concenzing Overall Survival and Metastatic Spread

Overall survival

RR 95% Cl

Model including SPF (52 observations)
Histology (MFH) 0.47
Grade n.s.
SPF 2 4% 2.32
Ki-S 1 2 20% 2.61
Ki-Sl 2 20% n.s.

Omission of SPF (94 observations)
Grade n.s.
Age > 50 years n.s.
Ki-Sl1 2 20% n.s.
Ki-Sl 2 20% 5.08

0.23-0.91

1.19-4.52
1.27-5.38

1.52-16.88

P value

.027

.012

.0088

6.1 x 10-5

Metastatic spread
RR 95% Cl

.47
3.13
n.s.

2.58
n.s.

6.07
.094
n.s.
n.s.

0.23-0.96
1.57-6.21

1.18-5.67

2.51-14.6
0.011-0.77

RR, relative risk, Cl, confidence interval; n.s., not selected.

P value

0.0407
0.0011

0.0174

0.0079
0.27
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ing index (P = 0.0174), and histology of MFH (P =
0.0407). When SPF was removed from the model to
circumvent the concomitant reduction of case num-
bers, a Ki-Sl immunoreactive score of .20% was
the sole independent factor with respect to overall
survival (P = 0.0079), whereas the histopathological
grade alone was predictive of the development of
metastases (P = 6.1 x 10-5).

Although both Ki-Sl 1 and Ki-Sl scores were sta-
tistically significant in univariate analysis, the selec-
tion of either factor in the multivariate model was
influenced by the inclusion or omission of SPF. Pos-
sibly, a closer co-variability of SPF and Ki-Sl may
account for this shift in the statistical weight. How-
ever, the same cutoff level having been arbitrarily
selected for both antibodies instead of two individual
cutoff points to optimize the results, small deviations
of the respective labeling indices to either side of the
20% limit may be responsible for the different statis-
tical significance in the two collectives. Also, besides
reflecting the proliferative activity of tumors, topoi-
somerase Ila expression levels may modulate the
sensitivity of tumor cells to chemotherapeutic drugs
and thus have an additional prognostic impact.37
Although one of the immunohistochemical prolifera-
tion markers emerged as an independent prognostic
factor in either statistical model, these observations
suggest that the assessment of different prolifera-
tion-associated antigens may improve the prognos-
tic information.

Apparently, metastatic spread and lethal tumor
progression are separate processes depending on
different biological parameters. The intrinsic growth
potential of a tumor, which equally affects the local
and the distant situation, logically accounts for the
rapidity of its progression and thus may influence the
survival time. Metastatic dissemination, on the other
hand, is more likely to depend on the expression of
adhesion molecules that may facilitate vascular in-
vasion and of histocompatibility antigens that may
help to elude immunological host defense mecha-
nisms. Rather than being associated with a growth
advantage, these properties may be linked to a par-
ticular phenotype that may be mirrored by histolog-
ical differentiation, thus by the FNCLCC grade.

Although the mitotic count was reported to be an
independent prognostic factor in several stud-
ies,14 38 39 mitotic count was not selected in our mul-
tivariate model. This may be due to various factors
influencing the assessability of mitotic figures in fixed
material.18 19'40 Also, rather than the number of ac-
tual cell divisions, the global proliferative potential of
a tumor, ie, the growth fraction, may be apt to reflect
its biological behavior. So far, few studies have been

devoted to the immunohistochemical assessment of
proliferation in soft-tissue tumors.20'41-44 They all
demonstrate a significant correlation between prolif-
eration rates and overall as well as metastasis-free
survival in univariate models, but multivariate analy-
ses are wanting.

Flow cytometric DNA analyses of STS have
yielded conflicting results. Although many studies
have reported an association of the ploidy status with
the clinical course,45 50 other authors found no such
correlation.51-5 The prognostic impact of SPF was
tested in three studies only48'53'54 and has likewise
led to controversial conclusions. In keeping with the
observations of Becker et al,54 we determined by
both univariate and multivariate analysis a prognos-
tic significance of SPF for overall survival, whereas
aneuploidy was not predictive of mortality or the
occurrence of metastases. Although both flow cy-
tometry and immunohistochemistry proved to be
prognostically relevant, our data suggest the latter
might be a more significant independent prognosti-
cator. At least, considering the limitation that flow
cytometry requires fresh material for a reliable anal-
ysis while being successful only in a limited number
of cases, immunohistochemistry may usefully re-
place this method in larger series.
We therefore conclude that, concerning the risk of

mortality, the proliferative activity of STS provides
prognostic information beyond the histopathological
grade, which nevertheless remains the most reliable
predictor of metastasis development. Owing to its
specificity and outstanding sensitivity also in Bouin-
fixed material, Ki-Sl 1 may become a useful tool for
the investigation of the proliferative activity in tumors.
As this study seems to be a pioneer concerning
multivariate analysis of proliferation markers in STSs,
additional investigations are needed to confirm our
results. In particular, it might be of interest to exam-
ine the significance of these parameters in relation to
different histological types of STS, which may have
an influence on the clinical outcome as well.32 Also,
the combination of histopathological grading and
proliferation indices might contribute to improve the
accuracy of predictions concerning patient survival
and might be helpful for the selection of therapeutic
strategies.
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