The prognosis in spindle-cell sarcoma depends on the
expression of cyclin-dependent kinase inhibitor
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The aim of the present study was to examine the prognostic sig-
nificance of p27%*! and cyclin E expression in patients with spin-
dle-cell soft tissue sarcomas. In 46 cases of spindle-cell sarcoma
including 17 pre-operative biopsy materials, the expression of
p27%P' and cyclin E was immunohistochemically examined. The
expression of p27%*! decreased in the nuclei of metastatic primary
tumor cells (stage IV), whereas the expression of cyclin E in-
creased in those lesions. On univariate analysis, when the expres-
sion of p27%*! and cyclin E was analyzed together, patients with
spindle-cell sarcoma exhibiting low expression of p27%*' and high
expression of cyclin E showed lower distant-metastasis-free sur-
vival (DMFS) and overall survival (OS) than those with other com-
binations of the two parameters (both P<0.0001). Multivariate
analysis revealed that patients with low p27%*' and high cyclin E
expression also showed a decrease in DMFS (P=0.0007, relative
risk=21.3) and OS (P=0.005, relative risk=20.8). These results sug-
gest that the combination analysis of p27%*' and cyclin E expres-
sion even in biopsy specimens allows the prediction of the clinical
behavior of spindle-cell sarcoma. (Cancer Sci 2003; 94: 412-417)

It is well known that spindle-cell sarcomas have an aggressive
nature. The 5-year survival rates of patients with malignant fi-
brous histiocytoma (MFH), synovial sarcoma, leiomyosarcoma,
malignant peripheral nerve sheath tumor (MPNST), and fibro-
sarcoma have been reported to be 70%," 60%,” 64%,> 52%,"
and 39%,” respectively.

Recently, several cell cycle-related markers have been exam-
ined to predict the clinical behavior of various kinds of carcino-
mas and soft tissue sarcomas, e.g., Ki-67,5 p27¥¥! and cyclin
E proteins.’~'? Cyclins such as D-type cyclins and cyclin E are
primarily involved in the G,/S transition and their expression
promotes the progression of the cell cycle.”*~'> In contrast, the
p27%P! protein is a cyclin-dependent protein kinase (CDK) in-
hibitor that blocks the G,/S transition of the cell cycle by inhib-
iting the action of the cyclin E-CDK2 complex.'* '
Interestingly, p27%®! can both an inhibitor and a substrate of cy-
clin E-CDK2.'* 1617

A decrease of p27%P! protein and an increase of cyclin E
protein have been shown to be associated with aggressive
growth of breast,'® lung,' colorectal,®® gastric,?"” and prostate
tumors.”” However, there have been a few studies examining
the expression of both p27%P! and cyclin E in mesenchymal
neoplasms.® ' The relationship between the expression of these
molecules and biological behavior remains unclarified in spin-
dle-cell sarcomas. The purpose of the present study was to in-
vestigate the relationship between these cell cycle regulators
and clinicopathologic parameters, and to analyze their prognos-
tic significance.

Materials and Methods

Clinical data. Forty-six patients with spindle-cell sarcoma, pri-
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marily treated at Yamaguchi University Hospital and related
hospitals between 1985 and 1998, were selected for the study.
The distribution of clinical, pathological, and therapeutic data
for the entire patient population is listed in Table 1. There were
25 males and 21 females with a median age of 57 years. The
median tumor size was 6.7 cm (range: 1.5-24.0 cm). The histo-
pathologic type, grade, and the clinical stage of the sarcomas
were determined according to the World Health Organization
classification and the American Joint Committee on Cancer
(AJCC) staging system.*® The histopathologic grading followed
the proposal by AJCC.?® In addition, grades 1 (well differenti-
ated) and 2 (moderately differentiated) were grouped as low-
grade and grades 3 (poorly differentiated) and 4 (undifferenti-
ated) as high-grade.? Thirty of the patients had had chemother-
apy and/or radiotherapy for the primary tumor with a good
response in only two cases. When pre-operation adjuvant ther-
apy was administered (17 cases), contrast enhanced computed
tomography and/or magnetic resonance imaging followed by
sampling under incisional biopsy was performed.
Distant-metastasis-free survival (DMFS) and overall sur-
vival (OS) of the 41 patients (I, II, III, and IVA disease) without
distant metastasis (IVB disease) at the time of diagnosis were
analyzed. No patients were lost to follow-up. The median fol-
low-up period was 44 months (range: 1.5—176 months). There
were 14 patients with distant metastasis, of whom 13 had died
of the disease at final follow-up.
Immunohistochemistry. Representative tissue blocks (from 3 to
10 pieces) of each resected primary tumor were selected for im-
munohistochemical evaluation. When pre-operation adjuvant
therapy was administered, immunostaining was performed on
biopsy specimens obtained before adjuvant therapy. For immu-
nostaining, 3-um sections were cut from paraffin-embedded tis-
sue blocks and mounted on silane-coated slides. Sections were
then heated in a microwave oven (650 W for 30 min) with 10
mmol/liter sodium citrate buffer (pH 6.0) for antigen unmask-
ing. Endogenous peroxidase activity was blocked by incubation
with 0.03% H,0, in absolute methanol at room temperature for
30 min. Low cellularity areas and/or tumor necrosis on tissue
sections were removed based on hematoxylin eosin staining.
Sections were then encircled by hydrophobic DAKO PEN
(DAKO, Carpinteria, CA). The slides were then incubated
overnight at 4°C with murine monoclonal antibodies for p27%P!
(clone 1B4; Novocastra, Newcastle upon Tyne, UK) and cyclin
E (clone 13A3; Novocastra), which were diluted 1:200 and
1:50 with 1% bovine serum albumin/phosphate-buffered saline,
pH 7.6 (BSA/PBS), respectively. The subsequent reaction was
based on the streptavidin-biotin complex/horseradish peroxi-
dase method, using a HISTOFINE SAB-PO (M) Immunohis-
tochemical Staining Kit (Nichirei, Tokyo) according to the
manufacturer’s protocol. Sections were covered uniformly with
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the thin film during antigen-antibody reaction. Reaction prod-
ucts were visualized with hydrogen peroxide containing 3,3-
diaminobenzidine/PBS, and hematoxylin was used for counter-
staining. Positive controls included tonsillar tissues for p27Xi!
and placental tissues for cyclin E. Negative controls were cre-
ated by substituting normal serum for the primary antibody,
which resulted in no staining of the tissues.

Evaluation. Positive staining for p27¥*! and cyclin E proteins
was initially assessed at a low magnification (x40), and areas
containing the highest number of sarcoma cells with clear nu-
clear staining were selected. At a high magnification (x400),
the labeling indices (LI) for p27%®! and cyclin E were calcu-
lated as a percentage of sarcoma cells with positive nuclei
among all sarcoma cells counted. In each tumor, at least 2000
sarcoma cells were counted. On 23 large tumor specimens (>2
cm in length), 2 or more areas were selected at low magnifica-
tion, and then several LIs were calculated on each selected area.

To evaluate the results of immunohistochemical staining, we
scored tumor cells displaying nuclear immunoreactivity, and the
intensity of staining was not taken into account, as previously
described.'?

For examination of the relation between prognosis (DMFS
and OS) and immunoreactivity, we selected the cut-off values
of p27%*! LI and cyclin E LI by setting tentative cut-off values
and testing the most significant one against DMFS (p27¥¥' LI,
P<0.0001; cyclin E LI, P=0.0002). The cut-off values selected
were as follows: p27%P! LI, 55%; and cyclin E LI, 45%. The
LIs of p27%! and cyclin E were also graded by a two-category
system as low- or high-grade groups. Two observers (Y.G. and
S.K.) without previous knowledge of the patient outcome eval-
uated the immunohistochemical results.

Statistical analysis. The results were analyzed using the StatView
4.5 software package (Abacus Concepts, Inc., Berkeley, CA).
Differences in LIs between the selected areas on large tumor

Table 1. Clinical and pathological data
Parameter Category No. pz;\ﬂiffjll_alrz%) cyclli\geslfln(%)
Gender
Males 25 60.2 36.2
Females 21 61.5 34,5
Age
<50 28 60.8 35.9
>50 18 62.3 34.9
Size (cm)
<5 13 64.0 30.5
5-10 12 60.8 34
>10 21 55.7 441
Site
Extremities 28 66.8" 33.9
Trunk 18 53.2" 44.6
Histology
MFH 23 61.4 34.5
Storiform pleomorphic 20 58.6 34.2
Myxoid 3 67.5 36.2
Synovial sarcoma 15 70.9 353
Monophasic fibrous 7 61.5 35.3
Biphasic 6 72.3 41.0
Poorly differentiated 2 76.6 44.2
Leiomyosarcoma 4 51.9 38.5
MPNST 3 60.2 30.1
Fibrosarcoma 1 30.6 60.0
Grade
High 39 60.22 35.6
Low 7 73.42 30.1
Tumor depth
Superficial 12 63.5 28.5%
Deep-seated 34 58.0 39.4%
AJCC stage
| 3 64.0% 37.8%
1l 18 71.09 30.1%
1] 16 60.9 35.59
\% 9 40.2% 55.8%
Surgical margin
Intralesional or marginal 23
Wide 23
Adjuvant therapy
Chemotherapy 21
Radiotherapy 5

Chemotherapy-+radiotherapy 4

LI, labeling index; AJCC, American Joint Committee on Cancer; MFH, malignant fibrous histio-
cytoma; MPNST, malignant peripheral nerve sheath tumor.
1) P=0.04, 2) P=0.04, 3) P=0.02 (Mann-Whitney U test), 4) P=0.002, 5) P=0.001 (Kruskal-Wallis

test).
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specimens and categorized values between the sarcoma groups
were analyzed by the Mann-Whitney U test, or the Kruskal-
Wallis test. Correlations among the p27%P! LI and cyclin E LI
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Fig. 1. Correlation between p27%°' LI and cyclin E LI in 46 patients

with spindle-cell sarcoma. Note the significant correlation between
p27%P! LI and cyclin E LI (Rho=-0.50, P=0.0007). LI, labeling index.

were estimated using Spearman’s rank correlation coefficients.
DMES and OS were modeled by the Kaplan-Meier method and
analyzed by the log rank test. In addition to the p27%®! and cy-
clin E LlIs, the following clinicopathological adverse factors
were analyzed for their relationship with DMFS and OS; tumor
location (extremities vs. trunk), AJCC stage (I and II vs. III and
IVA), surgical margin (intralesional and marginal vs. wide), and
method of therapy (operation only vs. operation and adjuvant
therapy). Cox’s proportional hazards regression model analysis
was performed with relative risk (RR) and a 95% confidence
interval (CI). A two-tailed P value of <0.05 was considered
significant.

Results

Immunohistochemistry and clinicopathologic parameters. Immuno-
histochemical data are summarized in Table 1. p27¥*! and cy-
clin E were expressed exclusively in nuclei in all cases ranging
from 21% to 87% (median: 61%) and 21% to 67% (median:
35%), respectively. There were no significant differences in LIs
between the selected areas at low magnification on large tumor
specimens (all P>0.2). There were no significant differences in
either p27%*! LI (P=0.6) or cyclin E LI (P=0.5) among MFH,

Table 2. Distant-metastasis-free survival, as determined with univariate analysis
All lesions (n=41) MFH (n=19) Synovial sarcoma (n=15)
Factor 5-year 5-year 5-year
No. DMEFS (%) Pvalue No. DMEFS (%) Pvalue No. DMEFS (%) P value
p27%Pt LI <0.0001 0.01 0.0001
<55% 14 10 6 22 4 0
>55% 27 89 13 92 11 91
Cyclin E LI 0.0002 0.0001 0.045
<45% 29 76 17 75 8 88
>45% 12 18 2 0 7 29

MFH, malignant fibrous histiocytoma; DMFS, distant-metastasis-free survival; LI, labeling index.

Table 3. Overall survival, as determined with univariate analysis
All lesions (n=41) MFH (n=19) Synovial sarcoma (n=15)
Factor 5-year 5-year 5-year
05 (%) Pvalue No. 05 (%) Pvalue No. 05 (%) P value
p27KPt LI 0.0001 0.07 0.0002
<55% 14 33 6 63 4 0
>55% 27 88 13 92 11 90
Cyclin E LI 0.0006 0.0002 0.05
<45% 29 85 17 94 8 86
>45% 12 25 2 0 7 29

MFH, malignant fibrous histiocytoma; OS, overall survival; LI, labeling index.

Table 4. Distant-metastasis-free survival and overall survival, as determined with univariate analysis

High-grade lesions (n=34)

Stage llI, IVA lesions (n=20)

Factor R _ _ R
No. D,f’,lg’fa(gﬁ)) P value gsy?;,r) Pvalue No. D|\5/||)=/Sea(£A)) P value CS)Sy?;)r) P value
p27%P! LI <0.0001 0.003 0.001 0.03
<55% 14 10 33 11 0 27
>55% 20 85 84 9 76 74
Cyclin E LI 0.003 0.007 0.01 0.03
<45% 22 66 80 10 49 77
>45% 12 18 25 10 11 20
p27%P! Ll+cyclin E LI <0.0001 <0.0001 0.0002 0.004
Low p27%P! LI+high cyclin E LI 9 0 1 9 0 1
Others 25 70 83 1 55 80

DMFS, distant-metastasis-free survival; OS, overall survival; LI, labeling index.
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Table 5. Factors associated with DMFS and OS, as determined with univariate and Cox multivariate analysis (n=41)
DMFS oS
Factor No. Univariate Multivariate Univariate Multivariate

P value P value RR  95% Cl P value P value RR  95% CI
Low p27%®! LI+high cyclin E LI 9 <0.0001 0.0007 213 3.6-125 <0.0001 0.005 20.8 2.6-169
Location: trunk 18 0.006 0.4 0.0002 0.1
AJCC stage: Ill and IVA 20 0.0003 0.7 0.002 0.7
Intralesional or marginal excision 24 0.02 0.02 7.1 1.4-36 0.002 0.008 15.2 2.1-111
Adjuvant therapy (+) 26 0.09 0.8 0.4 0.2

DMFS, distant-metastasis-free survival; OS, overall survival; RR, relative risk; Cl, confidence interval; LI, labeling index; AJCC, Ameri-

can Joint Committee on Cancer.

Fig. 2. Low nuclear expression of p27%?' (a) and high expression of cy-
clin E (b) in a malignant fibrous histiocytoma patient with AJCC stage
Il disease. Three months after operation the patient developed lung
metastasis and died after 6 months (original magnification,x200).
AJCC, American Joint Committee on Cancer.

synovial sarcoma, leiomyosarcoma, MPNST, and fibrosarcoma.
In MFH and synovial sarcoma, p27%?! LI (MFH, P=0.7; syno-
vial sarcoma, P=0.1) and cyclin E LI (MFH, P=0.7; synovial
sarcoma, P=0.8) showed no significant differences between
histologic subtypes. The p27%®! LI of spindle-cell sarcomas lo-
cated in the trunk and high-grade histologic findings were sig-
nificantly lower than those of sarcomas located in the
extremities and low-grade histologic findings. The cyclin E LI
of spindle-cell sarcomas with a deep location was significantly
higher than those of sarcomas with a superficial location. The
p27%P! LI was significantly lower in the primary lesion of tu-
mors with metastasis (stage IV) than in tumors with no metasta-
sis (stage I, II, and III). On the contrary, a significant increase
in cyclin E LI was observed in primary tumors with metastasis
(stage 1V). Neither p27%®! LI nor cyclin E LI was correlated
with patients’ gender, age, or tumor size.

There was a significant inverse correlation between p27%P!
LI and cyclin E LI (Rho=-0.50, P=0.0007) (Fig. 1).
Univariate survival analysis. The results of univariate survival
analysis are presented in Tables 2, 3, 4, and 5. Each low p27%ie!
LI and high cyclin E LI was associated with a decrease in
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Fig. 3. High nuclear expression of p27¢*' (a) and low expression of cy-
clin E (b) in a synovial sarcoma patient with AJCC stage Ill disease.
Twelve years after operation the patient was still disease-free (original
magnification,x200). AJCC, American Joint Committee on Cancer.

DMEFS (p27%*! LI, P<0.0001; cyclin E LI, P=0.0002) and OS
(p27¥¥r! LI, P=0.0001; cyclin E LI, P=0.0006). In the patients
with high-grade histologic findings or high-stage (III and IVA)
lesions, each low p27%®! LI and high cyclin E LI was associ-
ated significantly with short DMFS and OS. In the patients with
low-grade histologic findings or low-stage (I and II) lesions,
each LI was not associated with DMFS or OS. Tumor site,
AJCC stage, and surgical margin were prognostic factors in
DMFS and OS. In the 19 patients with MFH, each low p27%i!
LI and high cyclin E LI was associated significantly with short
DMFS (p27%#! LI, P=0.01; cyclin E LI, P=0.0001) and OS
(cyclin E LI, P=0.0002). In the 15 patients with synovial sar-
coma, each low p27%®! LI and high cyclin E LI was associated
significantly with short DMFS (p27%P! LI, P=0.0001; cyclin E
LI, P=0.045) and OS (p27%*' LI, P=0.0002).

The patients were then divided into two groups based on the
expression of p27%*! and cyclin E; 9 patients with low p27%!
LI and high cyclin E LI in one group, and 32 other patients in
the other. Fig. 2 shows the results for one patient with low
p27%P! LI and high cyclin E LI and Fig. 3 shows the results for
a patient from the other group. There were significant differ-
ences in DMFS (Fig. 4) and OS (Fig. 5) between the patients
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Fig. 4. Kaplan-Meier curves for distant-metastasis-free survival strati-
fied according to combined p27 and cyclin E expression.
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Fig. 5. Kaplan-Meier curves for overall survival stratified according to
combined p27 and cyclin E expression.

with low p27%*! LI and high cyclin E LI and the others (both
P<0.0001). In the patients with high-grade histologic findings
or high stage (III and IVA) lesions, low p27¥®! LI and high cy-
clin E LI was associated significantly with short DMFS and
OS.

Multivariate survival analysis. Multivariate analysis was also per-
formed to identify independent prognostic factors. The results
are presented in Table 5. Independent adverse factors for
DMFS and OS were low p27%P' LI and high cyclin E LI
(DMFS, P=0.0007; OS, P=0.005) and intralesional or marginal
excision (DMFS, P=0.02; OS, P=0.008).

Discussion

The cell cycle transition depends mainly on the functional sta-
tus of CDKs, e.g., the cyclin E-CDK?2 complex, which is sub-
ject to regulation by CDK inhibitors, e.g., p27%*!, in G,/S
transition.' ' CDK inhibitors are classified into two groups,
the INK 4 family and the Cip/Kip family."*'¥ The Cip/Kip
family, including p21We/Ciel p27KiPl “and p57%ir2, inhibits cyclin
E-CDK2."3 p27%P! can serve as a substrate for cyclin E-
CDK2,*19 and the ubiquitination and subsequent degradation
of p27%P! depend on its phosphorylation by cyclin E-
CDK2.'*17:29 Since p27%"! has a close relation with cyclin E-

1. Doussal VL, Coindre JM, Leroux A, Hacene K, Terrier P, Bui NB, Bonichon
F, Collin F, Mandard AM, Contesso G. Prognostic factors for patients with
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CDK2, we have investigated the expression of p27%?! and cy-
clin E in patients with spindle-cell sarcoma.

Numerous studies have demonstrated the clinical usefulness
of p27%P"! and cyclin E as markers of aggressive tumor growth
in various types of human cancers.'* '®-?» However, their prog-
nostic significance has not been fully elucidated in sarcomas,
except for a few studies examining the expression of both
p27%P! and cyclin E in synovial sarcoma” and neurogenic
tumors.'?

In the present study, inverse correlations were found be-
tween p27%P! LI and cyclin E LI in spindle-cell sarcomas. Since
p27¥P! can be both an inhibitor and a substrate of cyclin E-
CDK2, leading to its phosphorylation and proteolysis,'* 161729
the present study results reflect the interaction between p27XiP!
and cyclin E-CDK2. p27X¥¥®! LI values decreased in primary le-
sions of tumors with metastasis (stage IV). In contrast, cyclin E
LI values increased in those tumors. These results may explain
why decreased p27%P! expression and increased cyclin E ex-
pression are associated with each other, and contribute to the
progression of spindle-cell sarcomas.

Recently, p27¥Pr! expression was reported to be an indepen-
dent marker predictive of DMFS and OS in myxoid/round cell
liposarcoma'” and synovial sarcoma.'” Kourea et al.'” reported
that the nuclear expression of cyclin E was more pronounced in
MPNST than in neurofibroma. In a study of localized synovial
sarcomas, Antonescu et al.” showed that high expression of cy-
clin E was an adverse factor for patient survival.

In the present study, low p27%?! LI (<55%) and high cyclin
E LI (=45%) showed independent adverse effects on DMFS and
OS. Because decreased p27%P! expression and increased cyclin
E-CDK2 expression both favor G, to S progression,'?-!7-2+25
we investigated DMFS and OS in relation to p27%?! and cyclin
E expression. Patients with low p27%¥P! LI and high cyclin E LI
showed worse DMFS and OS than those with other combina-
tions of the two parameters (both P<0.0001). Low p27¥r' LI
and high cyclin E LI were correlated with the patient’s progno-
sis within the same histologic grade (high) or same AJCC stage
(IIT and TVA). In multivariate analysis, low p27%?' LI and high
cyclin E LI were linked with an increased RR for DMFS
(RR=21.3, P=0.0007) and OS (RR=20.8, P=0.005).

These observations suggest that the measurement of p27%i!
and cyclin E protein expression would be helpful for the esti-
mation of risk stratification and the design of treatment proto-
cols for patients with spindle-cell sarcoma, though the
prognosis in the case of low-grade or low-stage (I and II) dis-
ease requires further study.

A large post-operative tissue sample may make it easy for a
pathologist to diagnose the tumor accurately. However, often
only a small sample is available, especially at the time of bi-
opsy. Furthermore, the degenerated samples after pre-operation
adjuvant therapy may not be representative of the entire tumor,
leading to an underestimatation of the grade.

Immunohistochemical staining for p27%*' and cyclin E in bi-
opsy specimens after strict radiologic evaluation would make it
possible to discriminate between patients with aggressive sarco-
mas that should be treated with adjuvant systemic therapy and
those with low-risk sarcomas that should be managed by local
excision at the time of diagnosis.

In conclusion, the present study showed that the decrease of
p27%PP! expression and the increase of cyclin E expression are
linked with tumor progression in spindle-cell sarcoma. It is sug-
gested that the combined analysis of p27%*' and cyclin E ex-
pression status would be useful for estimating the prognosis of
patients with spindle-cell sarcomas.
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