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Surgery for squamous cell carcinoma arising from a chronic wound 7
Dai OGATA', Jun NAKAURA!, Teruki KATAOKA', Shusuke YOSHIKAWA?, Yoshio KIYOHARA!,
Masahiro NAKAGAWA? Shogo NAGAMATSU?, Shuji KAYANO?, Takuya KOIZUMI?,

Takahiro MATSUT?, Yoko KATSURAGT Hirohisa KATAGIRT, TatsuyaTAKAGT, Hideki MURATA?,
Mitsuru TAKAHASHT®

Divisions of Dermatology', Plastic and Reconstructive Surgery®, and Orthopedics®, Shizuoka Cancer Center, Japan

Most squamous cell carcinoma (SCC) in the extremities involves only the dermis and epidermis.
However, SCC can occur as a rare complication in chronic inflammatory wounds. These lesions are
often found as an advanced condition and involve bone and deep soft tissues. The aim of this study is to
clarify the clinical results of the patients with invasive SCC treated surgically in our institute.

Between 2002 and 2008, 189 patients with SCC were surgically treated in our institute. Among them,
7 cases (5 men and two women), of squamous cell carcinoma arose in chronic wounds and required
orthopedic surgical procedures due to bone or deep tissue invasion. The mean age was 63.8 (53-81)
years. The precedent lesion was post-traumatic osteomyelitis in four patients, decubitus in one, deep
burn scar in one, and unknown in one. The mean time interval between the precedent lesion and the
diagnosis of the SCC was 35years.

At the primary operation, four patients underwent limb salvage surgery and three underwent ampu-
tation. One patient after the limb salvage surgery had local recurrence, which eventually required
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hindquarter amputation. To accomplish curative treatment, we required resection of infectious lesions
and the free flap cover because of the large defect. The o-year survival rate was 85.7%. Most cases
with invasive SCC are treated with amputation in the literature. Because of the tendency for the dis-
ease to metastasize early, poor results may ensue after local excision. In this report, we determined the
extent of resection based on accurate image assessment. As a result, we succeeded with local excision
and limb salvage surgery, and the oncological outcome of the patients was good. [Skin Cancer (Japan)

Key words : Squamous cell carcinoma, Limb-sparing surgery, Chronic wound, Marjolin’s ulcer, Scar
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PET/CT Allows Stratification of Responders to Neoadjuvant
Chemotherapy for High-Grade Sarcoma

A Prospective Study

Ukihide Tateishi, MD,* Akira Kawai, MD,T Hirokazu Chuman, MD, | Fumihiko Nakatani, MD, 7
Yasuo Beppu, MD, Kunihiko Seki, MD,} Mototaka Miyake, MD,§ Takashi Terauchi, MD,§
Noriyuki Moriyama, MD,¥ and E. Edmund Kim, MD||

Purpoese: The aim of the present study was to determine whether metabolic
reduction is capable of reflecting the histopathologic response and outcome
after neoadjuvant chemotherapy in patients with high-grade sarcoma.
Patients and Methods: Forty-two patients with histologically proven high-
grade sarcoma underwent neoadjuvant chemotherapy followed by surgical
resection. Quantitative F-18 fluorodeoxyglucose (F-18-FDG) positron emis-
sion tomography (PET)computed tomography scans were acquired before
and after the first cycle and after completion of neoadjuvant chemotherapy.
Standardized uptake values (SUVs) and metabolic reduction rates were
compared with histopathologic response, progression-free survival, and over-
all survival.

Results: Baseline SUVmax was 10.9 & 3.6 (range, 3.8-19.6). Therapeutic
effect resulted in 10 patients (24%) with a satisfactory response and in 32
patients (76%) with an unsatisfactory response after completion of neoadju-
vant chemotherapy. The SUV decreased to 7.8 * 3.4 after the first cycle (t1)
of chemotherapy and to 5.2 = 3.4 after completion (12) of chemotherapy.
Histopathologic response and percentage SUV (12) reduction rate were
independent predictors of progression-free survival and overall survival in
the multivariate analyses.

Conclusion: Metabolic reduction after neoadjuvant chemotherapy evaluated
by F-18 FDG PET or computed tomography can be used for stratification of
the histopathologic response in patients with high-grade sarcoma.

Key Words: PET/CT, sarcoma, neoadjuvant chemotherapy
(Clin Nucl Med 2011;36: 526-532)

he majority of patients with high-grade sarcomas are found to
have locally advanced tumors at the time of the initial diagnosis.
However, surgical resection of the tumors often results in inadequate
margin, and there is a high propensity to develop local recurrence
and distant metastasis.'™
For patients with high-grade sarcoma, the main ftreatment
option with the potential cure is definitive neoadjuvant chemother-
apy followed by surgery. Induction treatment protocols using pre-

Received for publication August 2, 2010; revision accepted November 7, 2010.

From the *Department of Radiology, Yokohama City University Graduate School
of Medicine, Yokohama, Japan; Division of 1Orthopedics, {Pathology, and
§Diagnostic Radiology, National Cancer Center Hospital, Tokyo; §Division
of Cancer Screening, Research Center for Cancer Prevention and Screening,
National Cancer Center, Tokyo; and |[Division of Diagnostic Imaging, Uni-
versity of Texas, MD Anderson Cancer Center, Houston, TX.

Supported in part by grants from Scientific Research Expenses for Health and
Welfare Programs and the Grant-in-Aid for Cancer Research from the Min-
istry of Health, Labor and Welfare.

The authors declare that they have no conflict of interest.

Reprints: Ukihide Tateishi, MD, Department of Radiology, Yokohama City
University Graduate School of Medicine, 3-9, Fukuura, Kanazawa-ku,
Yokohama, Kanagawa, 236—-0004. Japan. E-mail: utateish(@yokoharma-cu.ac jp.

Copyright © 2011 by Lippincott Williams & Wilkins

ISSN: 0363-9762/11/3607-0526

526 | www.nuclearmed.com

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibc.d

operative chemotherapy or combined chemoradiotherapy followed
by resection yield a complete remission rate of 59% at 5 years in
high-grade sarcoma.*~* Neoadjuvant chemotherapy is under inves-
tigation for the treatment of high-grade sarcomas. Prior studies have
demonstrated that neoadjuvant chemotherapy followed by standard
surgery is associated with comparative response.**

Imaging metabolic activity offers an alternative method of
visualizing the effects of treatment. Malignant transformation of
cells is frequently associated with increased metabolic activity.
Positron emission tomography (PET) using F-18 fluorodeoxyglu-
cose (F-18 FDG) has been used to evaluate the prognosis in patients
with sarcomas.”’*? The glucose analog F-18 FDG reflects exoge-
nous glucose consumption, because it is phosphorylated by intra-
cellular hexokinases through glucose transporter proteins. F-18 FDG
uptake expressed semi-quantitatively as the standardized uptake
value (SUV) has been found to be strongly associated with out-
come.'*"'® The degree of F-18 FDG uptake in sarcomas is associ-
ated with histologic tumor aggressiveness and glucose transporter
protein 1 expression.'®!” Identification of PET findings that affect
the prognosis of patients with high-grade sarcoma may be useful to
determine preoperative value.

Several studies have revealed that reduction in tumor metab-
olism often occurs early in the course of therapy and precedes with
the reduction of tumor size. Conventional methods for monitoring of
treatment response are based on size reduction as revealed by
computed tomography (CT). However, CT is not an accurate basis
for predicting outcome, because morphologic changes in tumors
occur much later than the changes in metabolic response.® ® Quan-
tification of tumor glucose metabolism is a highly accurate method
of monitoring the effects of chemotherapy.'®~?! Recent studies have
revealed that sequential F-18 FDG PET scans are sensitive to detect
early response to chemotherapy in malignant tumors.?>*!' The
reduction rate of F-18 FDG uptake technique reflects the histopatho-
logic response to chemotherapy.

However, the role of sequential F-18 FDG PET scans in
measuring the reduction of metabolic response after neoadjuvant
chemotherapy in high-grade sarcomas has not been fully elucidated.
The PET/CT can improve the diagnostic accuracy in patients with
sarcomas because they record anatomic and molecular information
simultaneously. Our hypothesis is that a sequential F-18 FDG
PET/CT scans reflect the changes of metabolic process that may be
related to the therapeutic response. The purpose of the present study
was to clarify whether F-18 FDG PET/CT scans are capable of
reflecting the histopathologic response and outcome after neoadju-
vant chemotherapy of high-grade sarcomas.

PATIENTS AND METHODS

Patients
All patients underwent initial staging based on a review of
their medical history, physical examinations, and imaging studies,
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including PET/CT. The criteria for eligibility were histologically
proven or highly suggestive high-grade soft-tissue sarcoma without
any treatment before the study, age greater than 20 years, and
adequate organ function. The inclusion criteria for performance
status (PS) were PS 0, that is, fully active, able to perform all
predisease activities without restriction or PS 1, that is, physically
strenuous activity restricted but ambulatory and able to carry out
work of a light or sedentary nature.”> The exclusion criteria were
diabetes and pregnancy. Patients who presented with metastatic
disease or concomitant malignancy were ineligible according to the
protocol. This study was conducted in accordance with the amended
Helsinki declaration and approved by the local ethics committees
after all the patients had given informed consent.

Treatment

The neoadjuvant therapy consisted of 2 cycles of ifosfamide
(10 g/m®) followed by 2 cycles of doxorubicin (60 mg/m?) and
cisplatin (80 mg/m?). After completion of the neoadjuvant chemo-
therapy, all patients underwent surgical resection. All specimens
were analyzed by one pathologist, who was blinded to the PET/CT
data. According to the criteria based on the histopathologic re-
sponse, histopathologic responders received adjuvant chemotherapy
after surgery with the following regimen: 3 cycles of ifosfamide (10
g/m?) followed by doxorubicin (60 mg/m?) and cisplatin (80 mg/
m?). Histopathologic nonresponders received 4 cycles of the same
regimen. During the postoperative follow-up, 9 (21%) patients who
had developed localized bone metastasis received external beam
radiation therapy.

PET/CT

Patients received an intravenous injection of 380 to 401 MBq
of F-18 FDG after at least 6 hours of fasting, followed by an uptake
phase of approximately 60 minutes. Studies were performed with a
lutetium oxyorthosilicate-based whole-body PET/CT scanner
(Aquiduo, Toshiba Medical Systems). Data acquisition was per-
formed for each patient from the top of the skull to the leg at a scan
length of 120 seconds per one bed position. A total of 10 to 12 bed
positions, which depend on the patient’s height, were needed for
whole-body scans, and the total examination time was approxi-
mately 30 minutes. All PET images were reconstructed using an
iterative algorithm: attenuation-weighted ordered-subsets expecta-
tion maximization, 4 iterations; 14 subsets; 7-mm Gaussian filter.
All reconstructed images were reviewed and analyzed on a Vox-
base SP1000 workstation (J-MAC systems).

Image Interpretation

PET and CT images in all standard planes were reviewed on
the workstation (e-soft, Siemens). Images were analyzed visually
and quantitatively by 2 reviewers who recorded their findings after
reaching a consensus. Reviewers were blinded to the results of other
modalities. In the visual analysis, abnormal F-18 FDG uptake was
defined as substantially greater activity than in aortic blood on
attenuation-corrected images. A region of interest (ROI) was out-
lined within areas of increased F-18 FDG uptake and measured on
each slice. When the lesion was extensively heterogeneous, the ROI
was set so as to cover all of the components of the lesion. The
maximum SUV measured on every scan was used for prognostic
stratification.

Morphologic and Metabolic Response

MRI was used as a treatment monitoring method. MR1 of the
primary site was performed using a 1.5 Tesla system (Signa Hori-
zon; GE Medical Systems, Milwaukee, WI, or Visart; Toshiba
Medical Systems). Tumor size on MRI after the first cycle of
neoadjuvant chemotherapy (t1) and after completion of neoadjuvant
chemotherapy (t2) was compared with tumor size on the baseline
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study (t0). The percentage of size (t1 or t2) reduction rate was
calculated by the formula: [Size (t1 or ©2) — Size (10)}/Size (t0) X
100%. Evaluation of metabolic response was accomplished by
comparing the relative change in SUV and percent SUV (%SUV)
reduction rate. The SUVs from PET/CT after the first cycle of
neoadjuvant chemotherapy (t1) and after completion of neoadjuvant
chemotherapy (t2) was compared with the SUVs on the baseline
study (t0). The percentage SUV (t1 or t2) reduction rate was
calculated by the following formula: [SUV (t1 or t2) — SUV
(tHYSUV (t0) X 100%.

Histopathologic Response and Reference Standard

Histologic examinations were performed by an expert pathol-
ogist. Whenever necessary, immunohistochemical staining was car-
ried out to confirm the diagnosis or tumor type according to the
World Health Organization classification, TNM classification of the
UICC for sarcoma of bone, and AJCC staging protocol for sarcoma
of soft tissue.*>** In this study, the histologic grade of the tumors
was determined using the grading system established by Hasegawa
et al.**7 Histopathologic response to neoadjuvant chemotherapy
was evaluated based on the grading system.>”* A favorable re-
sponse to chemotherapy was defined as <10% viable tumor cells
and an unfavorable response as >10% viable tumor cells. Two
board-certified radiologists retrospectively reviewed the medical
records and follow-up imaging studies. We evaluated follow-up
imaging findings based on visual analysis as standard of reference.
The designation of relapse was defined as local recurrence, nodal
metastasis, or distant metastasis.

Statistical Analysis

The standard deviations (SD) of SUV (t1) and SUV (t2) are
compared between metabolic responders and nonresponders as mea-
sures of heterogeneity by Student ¢ test. The proportion of metabolic
responders is compared based on histologic types by Kruskal-Wallis
test. Overall survival (OS), which was from the time of baseline
PET/CT study, for which the event was the first documentation of
death, was chosen as the end point for assessment of prognostic
value. Progression-free survival (PFS) was defined as the period
between the time of the baseline PET/CT study and the occurrence
of relapse or death, whichever came first. The Cox proportional-
hazard model was applied to test the independence of established
prognostic factors as outcome predictors. All P values calculated
were 2-sided and adjusted for multiple testing. A P < 0.05 was
considered indicative of statistical significance. Statistical analysis
was performed with the PASW Statistics 18 software program
(SPSS Inc, Chicago, IL).

RESULTS

The analyses were based on data obtained from 42 patients
(Table 1). The most common anatomic site of the primary tumor was
trunk (50%), followed by extremities (43%), and head and neck
(7%). Of the tumors, 24% were less than 5-cm, 48% were in the 5-
to 10-cm, and 28% were larger than 10-cm range. Pleomorphic
sarcoma (n = 17, 40%) was the most common histologic subtype,
followed by myxoid liposarcoma (n = 11, 26%), myxofibrosarcoma
(n = 5, 12%), leiomyosarcoma (n = 3, 7%), dedifferentiated
liposarcoma (n = 2, 5%), fibrosarcoma (n = 2, 5%), epithelioid
sarcoma (n = 2, 5%), and alveolar soft part sarcoma (n = 1, 2%).
The mean follow-up period of all 42 patients was 31 months (range,
5-52 months).

Distributions of SUV, tumor size, and reduction rate are
summarized in Table 2. Baseline MR showed tumors with a mean
size (10) = SD of 77.5 £ 39.9 mm. After the first cycle (t1) and after
completion (t2) of neoadjuvant chemotherapy, size was 65.6 * 36.3
mm at (t1) and 54.1 * 36.0 mm at (2). The percent reduction rates
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TABLE 1. Patient Characteristics
Characteristic No. Patients
Age, yr
Mean 54
Sb 11
Range 32-72
Follow-up, mo
Mean 31
Sb 16
Range 5-52
Gender
Male 26 (62)
Female 16 (38)
Size, cm
0-5 10 (24)
5-10 20 (48)
>10 12 (28)
Distribution
Trunk 24 (57)
Extremities 18 (43)

SD indicates standard deviation.

TABLE 2. Distributions of SUV, Tumor Size, and Reduction
Rate

Baseline

SUV (10)

10.9 % 3.6 [3.8-19.6]
Postneoadjuvant chemotherapy

Size (t0), mm
77.5 = 39.9 [24.8-204.9]

SUV (t1) Size (t1), mm
7.8 = 3.6 [1.9-13.8] 65.6 = 36.3 [18.0~160.0]
SUV (12) Size (t2), mm

5.2 *= 3.4 [1.1-12.6] 54.1 % 36.0 [5.0-155.0]
Reduction rate
%SUV (t1) reduction rate
28.8 = 17.3 [2.0-78.0]
%SUV (12) reduction rate

51.7 = 24.9 [2.0-94.0]

%Size (t1) reduction rate
14.4 = 20.0 [~18.2-72.7]
%Size (12) reduction rate
29.9 * 26.4[~18.2-92.9]

Data are presented as mean % standard deviation (SD) with range.
SUV indicates standardized uptake value; t0, baseline; t1, after the first cycle; 12,
after completion of neoadjuvant chemotherapy.

of size (t1) and size (t2) were 14.4 * 20.0% at (t1) and 29.9 =
26.4% at (t2). Baseline PET/CT showed high FDG uptake with a
mean SUV (10) = SD of 10.9 = 3.6. After the first cycle of
neoadjuvant chemotherapy, the SUV had decreased to 7.8 * 3.4,
and then it had decreased further to 5.2 * 3.4 after completion of
neoadjuvant chemotherapy (Table 2). The SDs of SUV (t1) and
SUV (t2) compared between metabolic responders and nonre-
sponders as measures of heterogeneity showed that no significant
difference was found in SUV (t1) (metabolic responder vs. nonre-
sponder, 3.0 vs. 2.9, P = 0.534) and SUV (t2) (metabolic responder
vs. nonresponder, 2.9 vs. 2.5, P = 0.711). The proportion of
metabolic responders compared on the basis of histologic types
revealed that there was no significant difference in %SUV (t1)
reduction rate (P = 0.545) and %SUV (t2) reduction rate (P =
0.671) (Table 3). By using a previously defined threshold of 35%
decrease in SUV, 15 of the 42 patients (36%) were classified as

528 | www.nuclearmed.com

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is probibitod

TABLE 3. Metabolic Responder and Nonresponders by
Histologic Type

%SUV (t1)
Reduction Rate

%SUV (12)
Reduction Rate

Metabolic Metabolic Metabolic Metabolic
Nonresponder  Responder  Nonresponder  Responder
MFH 12 29) 5(12) 8 (19) 920
MLS 7017 4(10) 4 (10) 77
LMS 3(D 0 2(5) 1(2)
MFS 2(5) 3N 1(2) 4(10)
FS 12 1(2) 1(2) 1(2)
ASPS 1(2) 0 0 1(2)
DDL 1(2) 1(2) 0 2(5)
ES 0 1(2) 0 1(2)

The numbers of parentheses are percentages.

The proportion of metabolic responders do not depend on histologic types with
%SUV (t1) reduction rate (P = 0.545) and %SUV (12) reduction rate (P = 0.671) by
Kruskal-Wall test.

MFH indicates malignant fibrous histiocytoma; MLS, myxoid liposarcoma; LMS,
leiomyosarcoma; FS, fibrosarcoma; ASPS, alveolar soft part sarcoma; DDL, dediffer-
entiated liposarcoma; ES, epithelioid sarcoma.

metabolic responders with a mean = 8D %SUV (t1) reduction rate
0f43.8 & 18.0% and the other 27 patients (64%) were classified as
metabolic nonresponders who had a mean * SD %SUV (t1) reduc-
tion rate of 20.5% * 9.6% after the first cycle of neoadjuvant
chemotherapy. After completion of neoadjuvant chemotherapy, 26
of the 42 patients (62%) were classified as metabolic responders
with a mean = SD %SUV (t2) reduction rate of 63.9% + 18.6%.
Sixteen patients (38%) were classified as metabolic nonresponders
who had a mean % SD %SUV (12) reduction rate of 28.6% =
14.3%. The correlation between %SUV (t1) reduction rate and
Ysize (t1) reduction rate, and between %SUV (t2) reduction rate and
Ysize (12) reduction rate were not significant (t1:r = —0.092, P =
0.561; 12: r = 0.304, P = 0.050).

Therapeutic response evaluated by histopathology resulted in
10 patients (24%) with satisfactory response and 32 patients (76%)
with unsatisfactory response after completion of neoadjuvant che-
motherapy (Fig. 1). The SUV (t1) and SUV (12) of the histopatho-
logic nonresponders were significantly higher as compared with
those of the histopathologic responders (P = 0.007 and P = 0.033,
respectively). However, no significant associations were found be-
tween the histopathologic response and size (0), size (t1), size (t2),
and SUV (t0). Metabolic responders defined as having at least 35%
decrease in %SUV reduction rate showed more frequent histopatho-
logic response compared with metabolic nonresponders (P = 0.009
for %SUV (t1) reduction rate and P = 0.004 for %SUV (12)
reduction rate, respectively), whereas there were no associations
between histopathologic response and %size reduction rate. The
sensitivity, specificity, positive predictive value, negative predictive
value, and accuracy of %SUYV reduction rate for favorable histologic
response were 46.7%, 88.9%, 70.0%, 75.0%, and 73.8% for %SUV
(t1) reduction rate, respectively, and 38.5%, 100%, 100%, 50.0%,
and 61.9% for %SUV (t2) reduction rate, respectively. No signifi-
cant association was found between histologic response and %size
reduction rate. Fourteen of the 42 patients (33%) have developed
recurrence, with a mean time to recurrence of 9.0 months. The
2-year and 4-year actuarial PFS rates were 68.6% and 27.1%,
respectively. Univariate analyses of potential prognostic factors
demonstrated that PFS was associated with histopathologic re-
sponse, SUV (t2), %SUV (t1) reduction rate, and %SUV (12)
reduction rate (Fig. 2, Table 4). Age, glucose transporter protein |,
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FIGURE 1. Responder of neoadjuvant
chemotherapy. (A, B) Transaxial F-18
FDG PET/CT images demonstrate
significant uptake in the tumor of the
right buttock which is pathologically
confirmed as pleomorphic sarcoma.
(C, D) Transaxial F-18 FDG PET/CT
images demonstrate metabolic reduction
in the tumor of the right buttock after
neoadjuvant chemotherapy.
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FIGURE 2. A, The PFS of %SUV (t1) reduction rate after the first cycle of neoadjuvant chemotherapy. Solid line: %SUV (t1)
reduction rate is =30%. Dash line: %SUV (t1) reduction rate is less than 30%. B, The PFS of %SUV (t2) reduction rate after
completion of neoadjuvant chemotherapy. Solid line: %SUV. (t2) reduction rate is =60%. Dash line: %SUV (t2) reduction rate

is less than 60%.

size (10, t1, t2), SUV (10, t1, t2), and %size (t1, t2) reduction rate
failed to show a predictive value. A multivariate analysis of factors
related to disease progression was performed. In order of relative risk,
histopathologic response and %SUV (12) reduction rate were indepen-
dent predictors of PFS (Table 4). The SUV (12) and %SUV (t1)
reduction rate were not found to be identical order of relative risk.
The OS for the 42 patients was 83.3% at 2 years and 32.9%
at 4 years. Univariate analyses showed that OS had a significant
association with histopathologic response, %SUV (tl) reduction
rate, and %SUYV (2) reduction rate (Fig. 3, Table 4). However, size
(10, t1, t2), SUV (10, tl, 2), and %size (t1, t2) reduction rate failed
to show a predictive value. In the multivariate analysis, histopatho-
logic response and %SUV (12) reduction rate showed strong inde-
pendent value for the prediction of OS (Table 5). The %SUV (1)
reduction rate failed to show independent prognostic properties.

DISCUSSION
In this study, we examined the therapeutic effect and prog-
nostic value of F-18 FDG PET/CT after neoadjuvant chemotherapy
in patients with high-grade sarcoma. We found that the histo-

© 2011 Lippincott Williams & Wilkins

pathologic response and metabolic reduction rate had significant
association. with PFS and OS. Tumors of histopathologic re-
sponders showed high metabolic reduction, which was similar to
the results of recent studies.*®

The prognostic importance of metabolic reduction after neo-
adjuvant chemotherapy has been suggested in the literature. 223 In
clinical setting for patients with soft-tissue sarcomas of the extrem-
ities, metabolic reduction in F-18 FDG uptake after neoadjuvant
chemotherapy was at high risk of systemic disease recurrence.*! In
a study of 36 patients with Ewing sarcoma family tumors, neoad-
Jjuvant chemotherapy-induced metabolic reduction after 3 to 7 cycles
was noted and SUV after neoadjuvant chemotherapy <<2.5 was
predictive of PFS.*® Furthermore, a change in the size of the tumor
after neoadjuvant chemotherapy is frequently used in clinical prac-
tice to evaluate therapeutic response in patients with high-grade
sarcoma. The size reduction evaluated by standard CT has not been
correlated consistently with histologic response or with outcome.®"#
This may relate to the limited availability of this diagnostic modal-
ity. In contrast, PET or PET/CT allows semi-quantitative assessment
of uptake that is convenient to evaluate tumor viability during
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TABLE 4. Univariate Analyses of PFS and OS

2-yr 4-yr
No. PFS PFS

2-yr 4-yr
0S OS

Characteristic Patients (%) (%) P (%) (%) P
Age, yr
=56 22 59 12 0.181 74 20 0.234
<56 20 74 43 94 51
Histologic
response
Nonresponder 32 58 12 0.0004 81 16 0.0007
Responder 10 90 75 %0 77
Glut-1 expression
Positive 25 68 28 0.539 86 27 0.596
Negative 17 64 33 80 41
Size (t0), mm
=72 21 66 20 0.58 78 28 0.52
<72 21 66 32 89 40
Size (t1), mm
=56 22 63 19 045 84 28 0.59
<56 20 69 33 83 40
Size (12), mm
=45 23 65 30 0.89 85 40 095
<45 19 68 20 82 24
%Size (t1) reduction
rate
=62 21 71 34 0.164 84 45 0.122
<6.2 21 61 . 18 83 23
%Size (12) reduction
rate
=295 21 76 30 0.19 94 38 0.128
<29.5 21 56 22 72 29
SUV (1)
=117 22 71 24 0.7 90 28 0.88
<11.7 20 60 29 73 39
SUV (t1)
=6.6 20 68 25 0.96 84 31 091
<6.6 22 63 29 83 38
SUV (12)
=3.9 21 51 8 0.007 81 13 0.4
<39 21 81 40 86 43
%SUV (t1) reduction
rate
=30 15 92 69 0.0012 92 71 0.005
<30 27 56 9 75 13
%SUV (12) reduction
rate
=60 26 96 40 <0.0001 96 43 0.0001
<60 16 26 0 51 0

PFS indicates progression-free survival; OS, overall survival; Glut-1, glucose
transporter protein-1; 0, baseline; tl, after the first cycle; t2, after completion of
neoadjuvant chemotherapy.

therapy. Moreover, good correlations have been demonstrated be-
tween histologic response and changes in F-18 FDG accumulation
after neoadjuvant chemotherapy in patients with various histologic
kinds of tumors.?>*° Tumor response determined by reduction of
F-18 FDG uptake after neoadjuvant chemotherapy was found to be
an early indicator of improved PFS or 08.**" Our data demon-
strate that significant metabolic reduction after neoadjuvant chemo-
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therapy evaluated by PET/CT has a possibility to portend a favor-
able outcome and provides compelling support for the routine use of
this technique in patients with high-grade sarcoma.

We demonstrate possible correlations of measures of fall in
SUV after the first cycle and completion of necadjuvant chemother-
apy and survival. A decrease in SUV after neoadjuvant chemother-
apy with median cutoff value of 30% or 60% has been used. The use
of change in %SUYV reduction rate after the first cycle and after
completion of induction chemotherapy as a continuous variable
confirmed the predictive ability of metabolic reduction to predict
less favorable outcome. A prior study revealed that the ratio of pre-
and postchemotherapeutic SUV was correlated with histologic re-
sponse in patients with high-grade sarcoma.?® Qur data provide a
support for this, as patients experiencing such a level of metabolic
reduction exhibited favorable PFS and OS, although with a short
follow-up duration and a wide confidence interval.

Treatment-induced pathologic necrosis has been demon-
strated to be an independent predictor of outcome in patients who
have received neoadjuvant chemotherapy for high-grade soft-tissue
sarcoma.® Evaluation of pathologic specimens is warranted to
perform precise assessment of response to neoadjuvant chemother-
apy. In the prior studies using PET or PET/CT, metabolic reduction
after neoadjuvant chemotherapy is capable of reflecting histopatho-
logic response.*>47 A decrease in SUV after neoadjuvant chemo-
therapy correlates with the percent of pathologic necrosis. However,
such a correlation has been suggested, as yet there has been no
studies assessing the direct association between metabolic reduction,
histopathologic response, and outcome. In an attempt to resolve this
issue in the present study, we investigated whether metabolic re-
sponse could reflect histopathologic response and could have asso-
ciation with PFS or OS. Our data demonstrated that metabolic
reduction after neoadjuvant chemotherapy showed significant cor-
relation with histopathologic response and had a possibility to reflect
favorable outcome.

The prognostic value of SUV likely reflects the cumulative
effect of a maximum value of different ROIs within the heteroge-
neous tumor. The results of the previous study revealed a fair
association between measures of preoperative SUV and poor out-
come."? The other study documented that mean SUV on the preop-
erative PET images of patients with resectable sofi-tissue sarcoma
predicted outcome.’” Given the prognostic value of postchemothera-
peutic SUV in patients with Bwing sarcoma in a retrospective
study,*’” a measurement of SUV after neoadjuvant chemotherapy in
high-grade sarcoma may reflect in vivo chemotherapeutic sensitivity.
The probable ability of SUV measurements to assess complicated
metabolic interactions and predicting outcome makes %SUV reduction
rate an important tool for management of patients with high-grade
sarcoma. Further prospective studies should confirm whether %SUV
reduction rate may be an independent prognostic factor.

Another novel finding in the present study is the documenta-
tion that a decrease in SUV after neoadjuvant chemotherapy is a
common phenomenon in patients with high-grade sarcoma. Al-
though most of the studies evaluating metabolic reduction have
relied on 2-point PET studies at baseline and after neoadjuvant
chemotherapy, several studies have assessed metabolic reduction
based on sequential PET scans during neoadjuvant chemotherapy in
patients with solid tumors.***® Metabolic reduction after the first
and third cycle of neoadjuvant chemotherapy was found to be
correlated significantly with OS in patients with ovarian cancer.*
Similarly, in a study of 11 patients with breast cancer, metabolic
reduction after the first and second cycles of neocadjuvant che-
motherapy was 28% and 46% in the responding lesions, respec-
tively.*® Because chemotherapeutic response depends on the
therapeutic regimens and histologic type of tumor, the degree of
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FIGURE 3. A, The OS of %SUV (t1) reduction rate after the first cycle of neoadjuvant chemotherapy. Solid line: %SUV (t1)
reduction rate is =30%. Dash line: %SUV (t1) reduction rate is less than 30%. B, The OS of %SUV (t2) reduction rate after
completion of neoadjuvant chemotherapy. Solid line: %SUV (t2) reduction rate is =60%. Dash line: %SUV (t2) reduction rate
is less than 60%.

the role of serial measures of PET/CT in the long-term follow-up

TABLE 5. Multivariate Analyses of PFS and OS period and whether metabolic reductions evaluated by PET/CT can

Characteristic B Wald HR LCI HCI P be used as a surrogate for outcome.
PES
Histopathologic response  2.00  6.67 735 1.62 3340 0.1 REFERENCES
%SUYV (12) reduction 200 7.9 732 1.84 2910  0.005 1. Tierney JF; Sarcoma Meta-analysis Collaboration. Adjuvant chemotherapy
rate for focalized resectable soft-tissue sarcoma of adults: meta-analysis of indi-
oS vidual data. Lancer. 1997,350:1647-1654.
o . ) ) ” N 2. Yang JC, Chang AE, Baker AR, et al. Randomized prospective study of the
Histopathologic response  1.92 6.14  6.80 149 3094  0.013 benefit of adjuvant radiation therapy in the treatment of soft tissue sarcomas
%SUV (12) reduction 2.33 1361 1031 299 35.64 <0.0001 of the extremity. J Clin Oncol. 1998;16:197-203.

rate

PFS indicates progression-free survival; OS, overall survival: B, regression coef-
ficient; LCI, lower confidence interval; HCI, higher confidence interval; HR, hazard
ratio.

metabolic reduction may be different after every cycle of che-
motherapy. Importantly, our study examines patients with spe-
cific histologic diagnoses and confirms that metabolic reduction
after induction chemotherapy is a common finding in patients
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proportion of metabolic responder and nonresponder based on each
histologic subtype was not statistically significant. This study fo-
cused on patients with high-grade sarcoma who underwent neoad-
juvant chemotherapy and the data cannot be extrapolated to patients
with advanced stage. A validation study using sequential PET/CT
scans is needed in a larger population with various histologic types
and adequate follow-up period. The cost-effectiveness of sequential
PET/CT for predicting the therapeutic efficacy after neoadjuvant
chemotherapy needs to be considered. The role of sequential
PET/CT in reducing the number of ineffective chemotherapies in
nonresponders must be clarified.

In conclusion, our data also suggest that metabolic reduction
after neoadjuvant chemotherapy evaluated using PET/CT can be
used for stratification of patients with high-grade sarcoma in clinical
trials, as 2 groups of responders and nonresponders exhibit a very
different survival profile. Further research is required to determine
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1. Introduction

Synovial sarcomas are the third most common primary
mesenchymal tumors, with a prevalence of 5-10% of all soft-
tissuesarcomas, and more frequently affect young aduits {1-4|.
The clinical course of synovial sarcoma spans a wide spectrum
from a curable disorder to a highly malignant disease that
Jeads to metastasis and death, and the combination of surgery
and chemotherapy has resulted in 60% 5-year survivalrate [1-
4. Synovial sarcomas are classified into the biphasic subtype
and the monophasic one [4). Synovial sarcomas are character-
ized by the presence of a chromosomal translocation, t(X; 18)
{p11.2;11.2), representing the fusion of the SYT gene with either
$5X1 or S5X2 [5-8]. In addition toits diagnostic significance, the
fusion type has recently been proposed as a prognostic factor
[9-11}; patients with SYT-SSX1 fusion tumors have a signifi-
cantly unfavorable prognosis, compared to patients with 5YT-
§§X2. However, the clinical utilities of histological classifica-
tion and molecular characterization were not proven yet.

Recent comprehensive studies offered a global view of the
molecular aberrations associated with the malignant spec-
trum of synovial sarcoma [12-16]. Global mRNA expression
studies identified the genes that are involved in the signaling
pathways specific to the cellular origin of synovial sarcoma,
the genes assaciated with histological features denoting
malignancy, and the genes differentially expressed
corresponding to the different histological subtypes and fusion
gene status [12-16), These comprehensive studies improved
our understanding of the biology of synovial sarcoma and may
lead to the development of practical biomarkers to support
individualized therapy. Proteomic approaches have identified
many candidate proteins associated with early diagnosis {17],
differential diagnosis {18}, prognosis [19-22], and response to
chemotherapy [23] in various diseases. Therefore, employinga
proteomic approach should be useful in identifying novet
prognostic factors in synavial sarcoma; the proteomic profile
of synovial sarcoma has not been established to date.

In this report, we performed a proteomics study on
synovial sarcoma samples using two-dimensional difference
gel electrophoresis {2D-DIGE) and mass spectrometry. We
found that the expression levels of 20 protein variants had
significant difference corresponding to clinical outcomes.
These proteins included three variants of secernin-1, a protein
the high expression of which has been reported in gastric and
colon cancers, but not in synovial sarcoma [24-26]. We
examined the expression of secernin-1 in 45 synovial sarcoma
cases by immunohistochemistry, and found that the expres-
sion of secernin-1 was significantly higher in patients with
good prognosis. These results suggested secernin-1 to be a
novel prognosis biomarker for synovial sarcoma.

2, Materials and methods
2.1.  Patients and dinical information
We examined 13 frozen and 45 paraffin-embedded primary

synovial sarcoma tissues from patients who underwent
surgery or chemotherapy at the National Cancer Center

Hospital from October 1979 to july 2005. This project was
approved by the ethical review board of the National Cancer
Center, after signed informed consent was obtained from all
patients in this study. The histological features of the tissues
were reviewed by four board-certified pathologists (N. T, K. S.,
A.Y.andT. H.). Diagnosis and classification were based on the
WHO classification system for soft-tissue tumors, and includ-
ed the examination of SYT-SSX1 and SYT-SSX2 expressions [4}
(Table 1 and Supplemental Table 1).

Frozen samples were collected from biopsy specimens and
resected primary tumors and stored in liquid nitrogen. We
selected samples that did not have any potential interfering
factors such as treatment with chemotherapy or radiotherapy
for the 2D-DIGE analyses. Frozen tumor tissues were available
for 13 synovial sarcoma cases which were examined for SYT-
S5X1 and SYT-S5X2 expressions. Proteins were exiracted on
the same day and then were used for the proteomic analysis
(Table 1). The origin of synovial sarcomas remains to be clearly
elucidated, and synovial sarcoma is now regarded as a
neoplasm of “uncertain differentiation” [13,27,28]. We
employed a special strategy that compared the two different
outcome groups, in order to identify the proteins
corresponding to the tumor-specific characteristics and out-
comes. We grouped the synovial sarcoma samples into two
groups; samples from five patients who died of the disease
(DOD) were defined as the poor-prognosis synovial sarcoma
group (P-5S), and samples from eight patients who did not
have metastases within five years post surgery were defined
as the good-prognosis synovial sarcoma group {G-SS) (Table 1).

For the immunchistochemical study of secernin-1 expres-
sion, we examined 45 paraffin-embedded tissues from 45
patients, sampled prior to the initiation of chemotherapy. The
clinical information concerning the cases examined immu-
nohistochemically is summarized in Supplemental Table 1.

2.2.  Protein expression profiling

The frozen samples were crushed to powder with a CryoPress
{(Microtech Nichion, Chiba, Japan) under cooling with liquid
nitrogen according to our previous report [29]. The frozen
powder was then treated with urea lysis buffer (6 M urea, 2M
thiourea, 3% CHAPS, and 1% Triton X-100). After centrifugation
at 15,000 rpm for 30 min, the supernatant was used as the
source of cellular proteins for protein expression studies.
2D-DIGE was performed as described previously [i18-
20,22,29,30]. In brief, the internal control sample was prepared
by mixing a small portion of all individual samples. Five
micrograms each of the internal control sample and the same
amount of each individual sample were labeled with Cy3 and
CyS respectively (CyDye DIGE Fluor saturation dye, GE
Healthcare Biosciences, Uppsala, Sweden). The differenty
labeled protein samples were mixed and then separated by
isoelectric focusing using IPG DryStrip gels for the first
dimension separation (24 cma length, pl range between 4 and
7, GE Healthcare Biosciences) and then by SDS-PAGE for the
second dimension separation (EttanDalt 1I, GE Healthcare
Biosciences). The gels were scanned using laser scanners
{Tyhoon Trio, GE Healthcare Biosciences) at the appropriate
wavelengths (Fig. 1A and Supplemental Fig. 1). For all spots,
the intensity of the Cy5 image was normalized by that of the



Table 1 - Clinicopathologic features of synovial sarcoma samples (13 cases).

No Age Gender Primary FPusion Subtype MIB-1 Grade® Tumor Tumor  Stage®  Surgery CTx.  RTx. Local Metastasis Follow-up
location  gene score depth  size Tecurrence
{cm) dlassification timeafter Sitt Time  Time Status
diagnosis after . .af(er .
(v0) diagnosis diagnosis
(MO) (MO)
1 2 M Calf SYT/SSX2 Monophasic 3 3 Deep s 111 Wide Adjuvant Paliative - lung 3 21 DOD
2 F Foot SYT/SSX1 Biphasic 3 3 Deep 8 v Wide Adjuvant - - lamg At 14 DoD
diagnosis
3 M Inguina  SYT/SSX1 Poor 3 3 Deep 7 v Wide Paliative Paliative - Bone At 16 DOD
diagnosis
4 F Thigh  SYT/SSX2 Poor 3 3 Deep 8 v Wide Adjuvant - - Lung At 21 DOD
diagnosis
s 24 M Elbow  not Biphasic 3 3 Deep 15 v - Paliative - - Lung At 8 DOD
examined diagnosis
6 51 M Hand  SYT/S5X1 Biphasic 3 3 Deep 5.4 m Wide - - - Lung 66 97 NED
7 61 F Thigh  SYT/SSX1 Biphasic 3 3 Deep 45 HA Wide - - - - - 100 CDF
8 41 F  Foot  SYI/SSX1 Biphasic 3 3 Deep 54 m Marginal - - - - - 107 CDF
9 s7 F Knee SYT/SSX1 Monophasic 3 3 Deep 13 m Wide - - ~ - - 122 CDF
0 10 F Ebow  SYT/SSX2 Biphasic 2 2 Deep 25 A Wide - - - - - 125 CDF
11 M Foot SYT/SSX1 Monophasic 1 2 Deep 22 1A Additional - Adjuvant 2 - - 138 NED
wide
12 2 M Knee SYT/SSX1 Monophasic 2 2 Superficial 75 B Wide Adjuvant - - - - 113 CDF
13 33 M Foot SYT/S§X2 Monophasic 2 2 Deep 3 1A Wide Adjuvant - - - - 123 CDF
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