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increases in tumor marker levels. Thirdly, pre-treatment SUVmaxs
were not taken into consideration in this study, although these may
also be related to post-treatment SUVmaxs for recurrence. In con-
trast, the strength of this study is that SUVmaxs for recurrence and
non-recurrence were found to be sharply divided and the overlap
ranges were small.

Studies of 8F-FDG PET SUVmaxs have unavoidable problems.
The SUVmaxs are semi-quantitative in that these values are influ-
enced by physiological and technical factors, including the contrast
between a tumor and normal lung, tumor size, scintillator type,
image reconstruction methodology, and image noise. Therefore,
clinicians should take into account that the exact threshold used
for SUVmax is not always applicable to other situations.

5. Conclusions

Local recurrences after SBRT were observed as consolidation or
nodular opacities and usually appeared within RILO on CT images.
However, among these opacities, local recurrence rates were low
and CT results had a limited ability to detect local recurrences.
By comparison, 8F-FDG PET could assist in the detection of local
recurrence more accurately and the SUVmax on an early image was
sufficient to differentiate a local recurrence from RILO.
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Abstract The aim of this was to determine whether the
change of size observed at the first response evaluation
after initiation of first-line combination chemotherapy
correlates with overall survival (OS) in patients with met-
astatic breast cancer (MBC). The change in size of tumors
derived from measurements according to Response Eval-
uation Criteria In Solid Tumors (RECIST) at the first
evaluation on computed tomography (CT) was obtained
from a multicenter, randomized phase III trial (“TEX
trial,” »n = 287) comparing treatment with a combination
of epirubicin and paclitaxel alone or with capecitabine
(TEX). Cox regression and Kaplan—Meier analyses were
performed to evaluate the correlations between the first
change in tumor size, response according to RECIST and
0OS. Data from CT evaluations of 233 patients were
available., Appearance of new lesions or progression of
non-target lesions (new/non-target) indicated short OS by
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univariable regression analysis (HR 3.76, 95 % CI
1.90-7.42, p < 0.001). A decrease by >30 % at this early
time point was prognostic favorable (HR 0.69, 95 % CI
0.49-0.98, p = 0.04) and not significantly less than the
best overall response according to RECIST. After adjust-
ment for previous adjuvant treatment and the treatment
given within the frame of the randomized trial, OS was still
significantly shorter in patients with new/non-target lesions
after a median 8 weeks of treatment (HR 4.41, 95 % CI
2.74-7.11, p < 0.001). Disease progression at the first
evaluation correlates with OS in patients with MBC treated
with first-line combination chemotherapy. The main reason
for early disease progression was the appearance of new
lesions or progression of non-target lesions. These patients
had poor OS even though more lines of treatment were
available. Thus, these factors should be focused on in the
response evaluations besides tumor size changes.
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Introduction

Overall survival (OS) is the most important endpoint by
which to assess the clinical benefit in patients with meta-
static cancer, especially in phase III trials [1]. In metastatic
breast cancer (MBC), several lines of treatment and a long
post-recurrence survival affect the significance of OS as a
primary endpoint. Therefore, this endpoint is frequently
replaced by progression-free survival (PFS) or time to
progression (TTP) [2, 3]. To determine response or disease
progression in a standardized manner, the imaging-based
response evaluation system RECIST is used to measure
changes in tumor size following treatment. RECIST is
regularly used in clinical trials, and it was recently updated
to version 1.1 [4, 5]

Analysis of data from a phase III multicenter trial on
metastatic colorectal cancer (mCRC) showed that changes
in the size of metastatic lesions at the first point of evalu-
ation by CT scan correlated well with OS [6]. In that study,
the categorization of response as determined by RECIST
was questioned, which is in line with clinical trials evalu-
ating the efficacy of targeted agents [7-9].

In primary breast cancer, pathological complete response
after neoadjuvant chemotherapy is a strong favorable prog-
nostic factor, at least in hormone receptor-negative tumors
[10-13]. In MBC, however, the prognostic impact of tumor
response rate on the outcome is rather limited [2, 14]. The
prognostic impact of measurable changes in tumor size
found at the first evaluation of response after initiation of
chemotherapy in relation to OS in MBC has, to our knowl-
edge, not been evaluated previously.

The aim of this study was to assess whether early effects
on the size of metastases or appearance of new lesions
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assessed by CT correlates with OS in patients treated with
first-line combination chemotherapy for MBC.

Patients and methods

A total of 287 patients were enrolled in a multicenter,
randomized phase III trial comparing first-line chemo-
therapy with a combination of epirubicin and paclitaxel
alone (ET) or with capecitabine (TEX). Patients with
morphologically confirmed loco-regional inoperable or
disseminated breast carcinoma were included unless they
had received treatment with an anthracycline, a taxane, or
5-FU within 1 year before the study entry. Previous
endocrine treatment for advanced disease in patients with
hormone receptor-positive breast cancer was allowed.
Patients with known brain metastases or other malignan-
cies within the past 5 years were excluded. The clinical
results of the trial have been reported previously [15].

Chémotherapy was repeated every 3 weeks until disease
progressi on or severe toxicity occurred, or the treatment was
terminated upon the patient’s request or for medical reasons.
Baseline tumor measurements were obtained by CT, MRI or,
in superficial tumors, palpation within 4 weeks prior to
randomization. The measurements were repeated after every
three cycles of chemotherapy (7-9 weeks). Response eval-
uation was conducted according to RECIST [4]; complete
response (CR) occurred when all tumor lesions disappeared;
parrial response (PR) when there was at least a30 % decrease
in the sum of the largest diameters of the target lesions,
confirmed after at least 4 weeks; progressive disease (PD)
when there was at least a 20 % increase in the sum of the
largest diameters of the target lesions or the appearance of
new lesions or unequivocal progression of non-target
lesions; and stable disease (SD) when criteria for either
PR or PD were not met.

Measurements of target lesions and best overall
response (OR) according to RECIST were retrieved from
the study database.

At the first response evaluation, changes observed
between the sum of the largest diameters (LD) of target
lesions at the baseline (baseline sum) and the sum of the
LD of the same target lesions at the first evaluation (first
sum) were calculated. The response at the first evaluation
was calculated as the first response = [(sum of measurable
lesions at st evaluation) — (sum of measurable lesions at
baseline))/(sum of measurable lesions at baseline) (%).

To allow comparison with RECIST and to be clinically
relevant, patients were grouped on the basis of the first
response value in 10 % steps ranging from a decrease in
size by more than 50 % to an increase in size by more than
20 %. In cases with new lesions or progression of non-
target lesions at the first evaluation, the first response value
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was set to 100 %. If all metastases had disappeared at the
first evaluation, the first response value was set to —100 %.
Best OR rate was defined as the sum of CR + PR, whereas
disease control also included patients with SD. OS was
defined as the time from randomization to the date of death.

The landmark method was applied to compensate for
longer guarantee time for responders for first response and
OR according to RECIST using OS as endpoint [16, 17].
Eight weeks were considered as the guarantee time period
for first response evaluation and 18 weeks were applied for
OR confirmed. Patients alive at the last follow-up were
censored.

Cox regression analysis was used to define prognostic
variables and to estimate hazard ratios (HR) and 95 %
confidence intervals (CI). Kaplan-Meier analyses were
performed to evaluate correlations between first response
and OS. The log-rank test was used for comparison in
survival between groups.

To assess the reliability of the first response values, one
independent radiologist (CS) obtained the baseline sum of
measurable lesions and the sum at the first evaluation of 40
patients (17 %) in the same cohort whose CT examinations
were accessible. The reviewer had no information about the
original radiological response assessments or patient out-
comes. The intraclass correlation coefficient (ICC) was
estimated. The ICC can range from 0.00 to 1.00, where
1.00 represents the perfect accordance. The repeatability
coefficient was also estimated based on ICC analysis.

A value of p < 0.05 was considered statistically sig-
nificant. Statistical computations were performed with
STATISTICA ver. 10 (StatSoft Inc., Tulsa, OK, USA).

Results

A total of 233 out of 287 patients were eligible for response
evaluation. Cases with missing measurements in one of the
two evaluations (n = 26) or only non-measurable lesions
(n = 28) were excluded. Patient characteristics are shown
in Table 1. Median OS of eligible patients was 28 months.

The ICC was 0.96 (95 % CI 0.92-0.98), which indicates
very good reproducibility.

The median time from randomization to the first eval-
uation was 8.3 weeks (SD 1.6 weeks). The extent of the
first change is shown in Fig. I. Twenty-three (10 %)
patients had a new lesion or progression of non-target
lesions at this point, eight of these in combination with
more than a 20 % increase in target lesions, the cutoff point
for PD according to RECIST. No patient had more than a
20 % increase in target lesions only. Only one of these 23
patients had a survival that was longer than the median OS.
Survival longer than the median OS (blue column in Fig. 1)
was seen both in patients who had at least a 30 % decrease,

Table 1 Patient characteristics (n = 233)

Characteristic

Age at entry
Mean (SD) 54 (9.0
Median 55
Range 29-74

No. of lesions/patient
Mean (SD) 28 (1.7
Median 3
Range 1-9

No. of target lesions evaluated
262 (39.9 %)
235 (35.8 %)

Liver
Lymph node

Lung 86 (13.1 %)

Others 74 (11.3 %)

Total 657
Treatment arm

TEX 117

ET 116
Previous adjuvant treatment

Yes 116

No 117

fulfilling the requirement for being PR at the first evalua-
tion, and among those who then had stationary disease
(<20 % increase—<30 % decrease).

Univariate regression analyses showed that the group of
patients with new lesion/progression of non-target lesion
had a significantly increased hazard of death compared to
the reference group with no change or decrease less than
10 % (HR 3.76, 95 % CI: 1.90-7.42, p < 0.001) (Table 2).
The magnitude of tumor shrinkage for each 10 % change
showed only weak correlations with OS without any sta-
tistical significance (Table 2). The OR rate according to
RECIST correlated also with OS (Table 2). Non-respond-
ers (SD or PD) had poorer OS compared to responders (HR
1.97, 95 % CIL: 1.43-2.71, p < 0.001); however, disease
control (SD + PR 4 CR) showed an even stronger corre-
lation with OS (HR 4.66, 95 % CI 2.90-7.47, p < 0.001).

Based on the results of the Cox regression model,
patients were divided into three groups: (a) new/non-target,
(b) 1st decrease <30 % to increase of 20 %, and (c) 1st
decrease >30 %. There was a significant difference in OS
among these three groups (Table 2 and log-rank > = 31.4,
p < 0.001; Fig. 2a). The hazard ratio (Table 3) and sur-
vival curves were similar to those according to RECIST
(log-rank %* = 35.1, p < 0.001, Fig. 2b), indicating that
the imaging findings already after 8 weeks give almost as
much prognostic information as the summary findings
included as RECIST criteria, defined as best response by
confirmation.
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Fig. 1 Waterfall plot of the first
change of tumor size based on
all 233 patients. The change of
size value was set to 100 % in
case of new lesions or
progression of non-target lesion
observed at the first evaluation.
The minus values imply size
reduction. In case of
disappearance of tumor, the
change of size value was
converted into —100 %. Blue
columns indicate patients
surviving longer than median
OS (28 months)

100.0%

BO.0%

€0.0%
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Table 2 Univariable Cox regression analyses on overall survival (OS) in 233 patients with 158 events

No. (censored) HR 95 % C1 p value
Change of size at the first response evaluation
New/non-target” 23 (1) 3.76 1.90-7.42 <0.001
Increase <20 % 23 (7) 0.86 0.42-1.76 0.68
No change~decrease 10 % 20 (5) 1 - -
Decrease >10-20 % 36 (10) 0.94 0.49-1.77 0.84
Decrease >20-30 % 39 (12) 0.95 0.50-1.80 0.87
Decrease >30-40 % 35 (16) 0.69 0.35-1.37 0.29
Decrease >40-50 % 27 (13) 0.48 0.23-1.00 0.05
Decrease >50 % 30 (1) 0.79 0.40-1.56 0.49
New/non-target (a) 23 (1) 4.00 2.46-6.53 <0.001
Decrease <30 %-Increase <20 % 118 (34 1 - —
Decrease >30 % 92 (40) 0.69 0.49-0.98 0.04
Best overall response

PD 23 (1) 3.49 2.09-5.84 <0.001
SD 72 (21) 1 - -
PR 127 (48) 0.66 0.46-0.94 0.02
CR 11 (5 0.43 0.18-1.01 0.053
Non-responder versus responder 1.97 1.43-271 <0.001
PD versus disease control (SD + PR 4+ CR) 4.66 2.90-7.47 < 0.001

® New/non-target: appearance of new lesion or progression of non-target lesion

Clinical data from the TEX trial indicated that previous
adjuvant treatment reduced the chance to respond to the
study treatment [15]. Therefore, adjuvant treatment was
included as a covariable in the multivariable Cox regres-
sion model together with the study treatment, ET versus
TEX. Adjusted for these variables, new/non-target lesions
were found to be an independent prognostic factor for OS
(HR 4.41, 95 % CI: 2.74-7.11, p < 0.001, Table 4).

@ Springer

Discussion

Comumonly applied surrogate endpoints, such as OR, TTP,
and PFES, have been used to assess the benefit of therapies
for patients with MBC [3, 18, 19]. However, the ability of
these endpoints to accurately predict OS has been limited
even when information from multiple trials has been ana-
lyzed [2, 14, 20]. This study indicates that MBC patients
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Fig. 2 Kaplan-Meier curves of overall survival according to the
change of size at the first evaluation (a) and best overall response
according to RECIST (b)

Table 3 Multivariate Cox regression model adjusting a decrease of
30 % or more at the first examination and responder (being PR and
CR by RECIST) in terms of overall survival (OS) including 210
patients with 136 events

HR 95 % CI P
Decrease >30 % 0.77 0.51-1.17 0.22
PR, CR 0.73 0.49-1.11 0.14

Patients with PD were excluded

Table 4 Multivariate Cox regression model adjusting the first change
of size to previous adjuvant treatment and study treatment arms in
terms of overall survival (OS) including 233 patients with 158 events

HR 95%Cl »p

New/non-target® 441 274711 <0.001

Previous adjuvant treatment 141 1.02-1.93 0.04
(None = 1)

Study treatment (ET = 1.00) 0.92 0.67-1.26 0.59

2 New/non-target: appearance of new lesion or progression of non-
target lesion

with signs of progression at 8 weeks after the initiation of
first-line combination chemotherapy have considerably
shorter OS. The significant impact of the appearance of
new lesions or progression of non-target lesions is con-
cordant with previous results during chemotherapy for
mCRC [6].

Clear signs of progression during chemotherapy for
metastatic disease indicate that the current therapy has to
be replaced by alternate treatments. The very strong
prognostic impact of the appearance of new lesions or
unequivocal progression of non-target lesions, found here,
supports this strategy. This early progression to a combi-
nation of two (or three) drugs with known efficacy in breast
cancer, resulting in poor OS, indicates that these tumors
have an aggressive behavior and rarely respond to other
cytostatics. Actually, only one of the 23 patients had an OS
longer than median OS in the trial.

In a clinical trial setting, the concept of initial response
may provide a rationale for modifying established proce-
dures. PFS was the primary endpoint in the TEX trial, OR
rates (CR + PR) were commonly used as an endpoint in
many clinical trials in metastatic disease [3], and it was a
secondary endpoint of the original TEX study [15]. Due to
poor correlation with OS, OR rate was later replaced by
PFS as the primary endpoint in most metastatic trials [3]. A
reason for the limited association between OR rate and OS
can be the arbitrary limit between PR and SD not sepa-
rating those with and without favorable life-prolonging
effect of the antitumor treatment. The disease control rate,
that is, CR + PR + SD, showed a stronger correlation
with OS than the OS rate in this study as well as in other
studies [21]. Changes within & 10 % may be a result of
variability alone as shown in a study on the reproducibility
of measurement of lung tumors [22]. The present study also
questions why patients need to be followed until reaching
best response or tumor progression; the first response could
give almost the same prognostic information as the eval-
uation according to RECIST.

First-line treatment of breast cancer generally leads to
response and delay of disease progression, in the present
trial, between 10.8 and 12.4 months [15]. However, failure
of obvious tumor shrinkage and the development of new
lesions at the first evaluation may imply biologically
aggressive therapy-resistant clones that require more
intensive treatment. Since there was a complete overlap
between patients with more than a 20 % increase and the
development of new lesions or progression of non-target
lesions, we were not able to find differences in OS between
PD with and without development of new lesions and
progression of non-target lesions. In our previous study on
mCRC, a marked difference was found between those two
groups [6].
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There are several limitations of this study. The data
come from a relatively limited number of patients. Since
there was only one patient who had between 10-20 %
increase and no patient with more than a 20 % increase and
without new lesions, it was impossible to investigate the
importance of the extent of progression on OS.

The population of patients with tumor shrinkage, a
tendency to correlate with the extent of regression, was
shown, yet it failed to reach statistical significance. Even
though we could have had sufficient number of patients, it
could still be difficult to determine the optimal cutoff point in
case of tumor shrinkage, since the reduction should be a
continuous variable related to the outcome. Furthermore, the
relationship between the first tumor shrinkage and OS is
diluted by those who respond to subsequent lines of treatment.
On the other hand, this study highlights the pbor prognosis of
patients who had new lesions or progression of non-target
lesions at the first evaluation even though several additional
lines of treatment exist; resistance to one combination che-
motherapy often mean resistance to other combination
chemotherapies as well, although many exceptions are seen.

In this study, any optimal time point for readout of the
first change could not be explored other than 8 weeks, as
this was defined by the trial protocol. In studies of NSCLC
and mCRC, the first response at & and 12 weeks, respec-
tively, after initiation of chemotherapy has been suggested
for use to predict prognosis [21, 23, 24].

In conclusion, although mainly restricted to those with
the appearance of new lesions or progression of non-target
lesions, in patients with MBC treated with combination
chemotherapy, the first response approximately 8 weeks
after initiation of chemotherapy correlates with OS.
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Radiology

Hirofumi Kuno, MD
Hiroaki Onaya, MD, PhD
Ryoko lwata, MD
Tatsushi Kobayashi, MD
Satoshi Fujii, MD, PhD
Ryuichi Hayashi, MD
Katharina Otani, PhD
Hiroya Ojiri, MD, PhD
Takeharu Yamanaka, PhD
Mitsuo Satake, MD, PhD

To evaluate the clinical usefulness of dual-energy com-
puted tomography (CT) with weighted-average (WA) im-
ages and iodine overlay (10) images in the evaluation of
laryngeal cartilage invasion in patients with laryngeal and
hypopharyngeal squamous cell carcinoma (SCC).
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The institutional review board approved this retrospective
study, and written comprehensive consent was obtained
from all paticnts. Seventy-two consecutive patients un-
derwent 128-section dual-source dual-energy CT to stage
laryngeal (n = 27) or hypopharyngeal (n = 45) cancer.
Three observers who were blinded to the patients’ clinical
histories and histopathologic findings evaluated cartilage
invasion on WA images alone or in combination with 10
images (nonossified cartilages were selectively evaluated
on IO images) by using a five-point scale. Thirty of the
72 patients (42%) underwent surgery, and findings from
histopathologic examination in those patients were used
as the standard of reference for the evaluation of diag-
nostic performance with receiver operating characteristic
(ROC) curve analysis and in terms of sensitivity and spec-
ificity. Interobserver reproducibility was calculated with «
statistics.

For thyroid cartilage, the arca under the ROC curve (AUC)
of the WA plus IO images was marginally larger than that
for WA images alone (AUC = 0.957 vs 0.870, respectively;
P = .075). The specificity of WA plus IO images was signif-
icantly superior to that of WA images alone (96% vs 70%,
respectively; P = .031), with no compromise to the sensi-
tivity (86% for both). For thyroid and cricoid cartilages,
the interobserver reproducibility was higher for diagnoses
made with WA plus 10 images (k = 0.68-0.72 and 0.64-
0.79, respectively) than for those made with WA images
alone (k = 0.29-0.56 and 0.20-0.64, respectively).
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Combined analysis of WA and 10 images obtained with
dual-energy CT improves the diagnostic performance and
interobserver reproducibility of evaluations of laryngeal
cartilage invasion by SCC.
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he accurate evaluation of cartilage
invasion is essential for deter-
mining the appropriate treatment
strategies for laryngeal and hypopha-
ryngeal cancer. Early stages without
cartilage invasion are initially treated
with the intention of preserving the
larynx. For stages with limited local
cartilage invasion, function-preserving
partial laryngeoctomy or chemoradio-
therapy have been recently introduced
(1-3): however, advanced stages with
apparent cartilage invasion still necessi-
tate total laryngectomy (1,4,5).
Computed tomography (CT) is a
well-established method for evaluating
cartilage invasion but nevertheless pre-
sents challenges. The CT appearance
of laryngeal cartilage varies widely ac-

cording to the different proportions of

hyaline. cartilage (which ossifies with
aging), cortical bone, and fatty marrow.
Moreover, nonossified cartilage and tu-
mors show similar CT' values of approx-
imately 100 HU (6,7), making them al-
most indistinguishable—especially when
the tumor is located adjacent to nonos-
sified cartilage. Acceptable sensitivities

Advances in Knowledge : :

(71%) and specificities (83%) have been
reported by head and neck radiologists
applying appropriate evaluation crite-
ria to single-section spiral CT' (7). The
introduction of multisection CT has re-
sulted in little progress in image inter-
pretation, and cartilage invasion is thus
still sometimes overestimated, resulting
in unnecessary total laryngectomies in
some patients (8,9).

In dual-energy CT, two data sets ac-
quired with different tube voltages can
be fused to generate weighted-average
(WA) images that have a. similar ap-
pearance to conventional CT images
obtained at 120 kV (10) in addition to

generating images of the distribution of

iodinated contrast medium alone. For
these applications, the material-specific
x-ray energy dependence of the absorp-
tion coeflicient is used in image post-
processing to mathematically extract
iodine and separately calculate color-
coded iodine images and virtual unen-
hanced images. Currently, dual-energy
CT is being investigated in several clin-
ical fields (11-15), including the differ-
entiation of renal lesions, which show
similar CT values to those on conven-
tional CT scans (16,17).

Considering that an iodine stain-
ing distribution is seen in tumor tis-
sues but not in normal cartilage, we
assumed that the distinction of tumor
and cartilage tissue may be possible by
using dual-energy CT. Therefore, this
madality may be applicable in the eval-
uation of cartilage invasion by laryngeal
and hypopharyngeal squamous cell car-
cinoma (SCC).

The purpose of this study was to
evaluate the clinical usefulness ol dual-
energy CT with WA images and iodine

‘Implication for Patient Care

overlay (10) images in the evaluation of
laryngeal cartilage invasion in patients
with laryngeal and hypopharyngeal SCC.

_ Materials and Methods

All work included in the manuscript
was performed at the National Cancer
Center Hospital East, Kashiwa, Chiba,
Japan. One of the authors (K.0.) is an
employee of Siemens Japan. Authors
who are not employees of Siemens
Japan monitored and had control of
inclusion of any data and information
submitted for publication.

Study Population

Our institutional review board approved
this retrospective study. Previous writ-
ten comprehensive consent from all pa-
tients was substituted for informed con-
sent. Seventy-three consecutive patients
with laryngeal or hypopharyngeal cancer
were scheduled to undergo contrast ma-
terial-enhanced CT for cancer staging
between May 2010 and March 2011. One
patient was excluded because of an io-
dine allergy. The remaining 72 patients
(64 men, eight women; age range, 41-
86 years; mean age, 67 years) were in-
cluded in this study. Twenty-seven of the
72 patients (38%) had laryngeal cancer
(13 patients had supraglottic carcinoma,
13 patients had glottic carcinoma, and
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one patient had subglottic carcinoma)
and 45 (63%) had hypopharyngeal can-
cer {32 patients had piriform sinus carci-
noma, seven had postericoid carcinoma,
and six had carcinoma of the pharyngeal
posterior wall). SCC was histopatholog-
ically confirmed with endoscopic biopsy
in all patients.

Thirty of the 72 patients (42%; 10
patients with laryngeal cancer and 20
with hypopharyngeal cancer) underwent
surgical resection (nine patients under-
went total laryngectomy, 17 underwent
total pharyngolaryngectomy, and four
underwent partial pharyngolaryngecto-
my), 26 (36%) underwent radical radi-
ation therapy, and 16 (22%) underwent
chemoradiotherapy. The median interval
between CT diagnosis and surgery was
12 days (range, 1-34 days). In the 30
patients who underwent surgery, the CT
findings were compared with the histo-
pathologic findings, which served as the
standard of reference. In the patients
who underwent partial pharyngolaryn-
gectomy, the involved side of the thyroid
cartilage was removed. As a result, the
cartilage was histologically evaluated
in 108 preparations (30 [28%] thyroid
cartilages, 26 [24%)] cricoid cartilages,
and 52 [489%] arytenoid cartilages).

CT Protocol

Scans were obtained by using a 128-sec-
tion, dual-source CT unit {(Somatom
Delinition Flash; Siemens Healthcare,
Forchheim, Germany) in the dual-en-
ergy CT mode (18) with the following
parameters: tube voltages of 100 and
Sn140 kV (where Sn indicates the use
of a 0.4-mm tin filter), 200 and 200 el-
fective mAs, 0.33-second rotation time,
32 X 0.6-mm collimation with a z-{lying
focal spot, and pitch of 0.6. The aver-
age CT dose index was 14.35 mGy. The
voltage combination of 100 and Sn140
kV was chosen to minimize noise while
maximizing the separation of the x-ray
tube’s energy spectra.

Patients received a 100-ml injection
of iodinated contrast material (loverin;
Taiyo Yakuhin, Nagoya, Japan, 300 mg
of iodine per milliliter) at a rate of 2.5
ml/sec. Scanning was started 70 seconds
after the start of the injection and pro-
ceeded in a craniocaudal direction. The

scanning range was set from the base of
the skull to the bottom of the neck.

Image Reconstruction and Postprocessing
Two image sets (100 kV and Sn140 kV)
were separately reconstructed from the
acquired dual-energy data with 1.0-mm-
thick sections in 0.7-mm increments by
applying D30f kernels. A third image set
(WA images) was calculated pixel by pixel
from the 100-kV and Sn140-kV data sets,
reconstructed by applying a B30I kernel.
The pixels of the data sets {p,,, and p,,
respectively)  were linearly weighted
and fused at the default ratio of w = 0.5
according to the following formula:
[w X pol + [(1 = w) X p ] (19,20}

Next, all images were transferred
to a commercial workstation (MMWP,
Siemens Healthcare) and a three-mate-
rial decomposition analysis (Syngo Dual
‘nergy, Brain Hemorrhage; Siemens
Healthcare) was used to subtract the io-
dine images from the contrast-enhanced
dual-energy images, thereby generating
virtual unenhanced images (12,13,19).
The algorithm was applied at the de-
fault parameters for differentiating io-
dine from hemorrhage and brain paren-
chyma, which have similar CT values to
those of soft tissue and cartilage. “Organ
contour enhancement” and “resolution
enhancement” were - deselected to en-
sure a quantitative analysis of the small
cartilage structures. Finally, the virtual
unenhanced and iodine images were lin-
early weighted and fused at a ratio of
0.5 to create virtual unenhanced images
with a color-coded iodine distribution
(10 images).

Parallel ranges with 2.0-mm-thick
sections and a 16-cm field of view were
generated from the WA images, the vir-
tual unenhanced images, and the 10 im-
ages as follows: axial and coronal sec-
tions parallel and vertical to the vocal
cords, respectively (in soft tissue and
bone windows), from 1.0 cm above the
hyoid bone to the inferior margin of the
cricoid cartilage.

image Interpretation

Three radiologists (H. Onaya, R.1., and
T.K., with 22, 22, and 18 years of ex-
perience in diagnostic oncologic radi-
ology, respectively), who were blinded

to the patients’ clinical histories and
histopathologic findings, retrospectively
and independently - evaluated all im-
ages twice by using an NCC-CIR viewer
(IBM, Armonk, NY). WA images were
evaluated first, followed 4 weeks later
by evaluation of the WA plus 10 images.
All images were presented in random
order. The final diagnosis was deter-
mined by consensus and was used to
compare the CT findings with the path-
ologic results.

The invasion of each laryngeal
cartilage—thyroid, cricoid, and bilateral
arytenoid cartilages—and the extrala-
ryngeal. tumor. spread. were . evaluated
according to diagnostic criteria hy using
a five-point scale, as follows: 1 = defi-
nitely negative, 2 = probably negative, 3
= possibly positive,’4 = probably posi-
tive, and 5 = delfinitely positive. These
criteria were first applied to the WA
images to evaluate tumor location, tu-
mor extension, and the presence of in-
vasion. Then, the 10 images were read
in addition to the WA images to identify
the iodine distribution corresponding to
the area noted on WA images. Areas
of sclerosis and- ossified cartilage were
excluded from the evaluation of 10 im-
ages. After a lesion had been classified
as positive on WA images, the iodine
distribution on the 10 images was exam-
ined to derive the final classification as
either positive or negative.

Thyroid cartilage.—For the thyroid
cartilage, cartilage invasion was consid-
ered to be present when erosion (score,
3), lysis (score, 4), or extralaryngeal tu-
mor spread through the cartilage (score,
5) was present (Fig 1). Cartilages with
asymmetric sclerotic changes (ossifica-
tion) without erosion or lysis were clas-
sified as negative on WA Images because
these changes may represent reactive
changes (7,21). 10 images were not used
for additional information in these cases.

Cricoid and arytenoid cartilages.—
For the ericoid and arytenoid cartilages,
cartilage invasion was considered to be
present when erosion or lysis was ob-
served.  Asymmetric sclerosis of the
cartilage in contact with the tumor was
also considered indicative of cartilage in-
vasion on WA images according to previ-
ously reported criteria (6,7,22-24),
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Evaluation of cartilage on WA images

no invasion Lysis 4
score

score 2 Erosion
score 3

Lysis and

no mvas;on \, extralaryngeal
score invasion
score §

Positive findings

Negative findings

Evaluation of enhancement patternon 10 images

Lysis
- score 4

no invasion Erosion
score 1 or2 score 3
Lysis and
, extralaryngeal
invasion
score §

Negative findings Positive findings

Figure 1:  Diagrams show evaluation of thyroid cartilage invasion. Erosion (score, 3) was de-
fined as invasion beyond inner cortex without reaching outer cortex (less than half the cartilage
width), lysis (score, 4) was defined as almost reaching outer cortex but with preservation of that
cortex, and extralaryngeal tumor spread (score, 5) was defined as all-layer invasion through
both inner and outer cortex (penetration) of cartilage, including extralaryngeal soft tissues. For
erosion and lysis, two findings needed to be confirmed on WA image: (a) disappearance of a
thin hypoattenuating line between tumor and cartilage and (b) substitution of cartilage with
tumor tissue, Conversely, preservation of a dark line between tumor and cartilage resulted in a
negative finding. A fully defined line was scored as 1, and an almost conlinuously defined line

was scored as 2.

Extralaryngeal tumor spread. —Ex-
tralaryngeal tumor spread was consid-
ered to be present when the primary
tumor had expanded into the extrala-
ryngeal sofl tissues (eg, cervical soft
tissues, infrahyoid muscles, thyroid
gland, esophagus, trachea, or deep lin-
gual muscle) with or without cartilage
penetration.

Histologic Evaluation

Surgical  specimens, including  all
cartilages around the tumor, were fixed
in formalin and decalcified in advance
and then cut into 3.0-4.0-mm-thick
slices in the [frontal direction, similar
to the cross-sectional CT images, and
evaluated by a pathologist (S.F., with 18
years of experience).

Statistical Analysis

Receiver  operating  characteristic
(ROC) curves and sensitivity and
specificity tables were used to eval-
uate the diagnostic performance of
dual-energy CT with WA images alone
and in combination with 10 images.
The histopathologic findings from the
30 patients who underwent surgery
served as the standard of reference.
Diagnostic performance was analyzed
with ROC curves, and the area under
the ROC curve (AUC) was calculated.
ROC curves were compared to deter-
mine the diagnostic performance with
WA images alone and in combination
with 10 images. Sensitivity and specific-
ity were calculated on the bhasis of the
assumption that a confidence level of 3

or higher was positive for the diagnosis
of cartilage invasion and extralaryngeal
tumor spread. The McNemar test was
used to compare sensitivities and spec-
ificities between diagnoses made with
WA images alone and in combination
with 10 images.

The interobserver reproducibility
for the scores based on the WA im-
ages alone and in combination with 10
images were calculated by using k sta-
tistics (25). A 95% confidence interval
was calculated for each x (206).

All statistical tests were performed
by using commercial software (IBM
SPSS Statistics 18; SPSS, Chicago, IH).
P < .05 was considered indicative of
a significant difference. Because the P
values were exploratory in nature, Bon-
ferroni correction was not applied.

Results

All WA and 10 images generated with
the dual-energy CT data were consid-
ered to be of diagnostic image quality.

Correlation between Dual-Energy CT
Findings and Histopathologic Diagnosis
Pathologic  evaluation of the 108
cartilages (30 thyroid cartilages, 26 cri-
coid cartilages, 52 arytenoid cartilages)
from 30 patients revealed cartilage in-
vasion in 14 of the 108 preparations
(13%; seven thyroid cartilages, four
cricoid cartilages, three arytenoid
cartilages). On a per-patient basis,
cartilage invasion was confirmed in
eight of the 30 patients (27%). Extrala-
ryngeal tumor spread was confirmed
pathaologically in 14 of 30 extralaryngeal
soft-tissue preparations (47%). The 10
laryngeal tumors were classified as p'I'3
(n = 5) and pT4a (n = 5), and the 20
hypopharyngeal tumors were classified
as pT1 (n=3), pT2 (n =2), pT3 (n =
5), and pT4a (n = 10).

Peritumoral inflammatory changes
were found in both the invaded and
noninvaded laryngeal cartilages sur-
rounding the actual tumor borders.
The overall pathologic evaluation re-
vealed inflammatory changes in 27 of
the 108 (25%) preparations (15 of 30
thyroid cartilages, seven of 26 cricoid
cartilages, five of 52 arvtenoid cart

Radiology: Volume 265: Number 2—Seplember 2012 « radiology.rsna.org

491



HEAD AND NEGK IMAGING: Cartilage Invasion by Laryngeal and Hypopharyngeal Squamous Cell Carcinoma

Kuno et al

lages). Inflammatory changes were
found in many ossified cartilages, ¢s-
pecially in fatty marrow infiltrated with
calcified areas.

For the thyroid cartilage, use of WA
images alone led to seven false-positive
findings (erosion, n = 4; lysis, n = 2;
highly asymmetric sclerosis, n = 1).
With use of both WA and 10 images,
however, six of these seven cases were
classified as negative because the iodine
distribution on 10 images did not match
the shape of the suspected tumor on
WA images. Figures 2 and 3 show cases
with false-positive findings of erosion
and lysis, respectively, on WA images.
Figure 4 shows a true-positive case of
invasion for comparison. One false-
positive diagnosis remained even after
examination of WA and [0 images for
a case with highly asymmetric sclerosis
that was classified as possibly positive
contrary to the criteria and despite
the absence of any signs of erosion or
lysis on 10 images. False-positive find-
ings on WA plus 10 images caused by
peritumoral inflammation were not en-
countered. One false-negative case was
discovered incidentally on histologic
preparations at locations other than
those of cartilage invasion diagnosed on
WA plus 10 images. This case present-
ed microinvasions of 2.0 mm or less to
the ossifying thyroid cartilage.

For the arytenoid cartilage, diag-
nosis with WA images alone led to five
false-positive findings, three of which
remained false positive on WA plus
10 images because they showed highly
asymmetric sclerotic change. Peritu-
moral inflammatory changes were not
found in these cases.

For extralaryngeal tumor spread,
the sensitivity, specificity, and accuracy
of the WA plus 10 images were 100%
(14 of 14 patients), 100% (16 of 16 pa-
tients), and 100% (30 of 30 patients),
respectively. In one patient with path-
ologically proved extralaryngeal spread
from a supraglottic SCC, the finding was
missed on the WA images bul was visi-
ble as a colored area on the 10 images.

Statistical Results
The ROC curves for thyroid cartilage and
the corresponding AUCs for diagnoses

“Figure 2

c.

d

Figure 2:  False-positive finding of erosion of thyroid cartilage with WA image alone in 69-year-old man
with hypopharyngeal cancer. {a) WA image at supraglottic leve! shows tumor arising from left piriform sinus.
Inner cortex of left thyroid cartilage shows focal erosion (arrow). (b) 10 image does not show correspond-
ing area of enhancement {arrow). {c} Corresponding slice from surgical specimen shows that left thyroid
cartilage has not been invaded by tumor cells. B = macroscopic border of tumor (7). (d) Photomicrograph
confirms that tumor cells have not invaded thyroid cartilage. (Hematoxylin-eosin stain; original magnifica-

tion; X5.) o i

with WA images alone and in combi-
nation with 10 images are shown in
Figure 5. The AUC for diagnosis with the
WA plus 10 images (0.937) was larger
than that for WA images alone {0.870),
but the difference was not statistically
significant (P = .075). The difference in
the AUGCs for the cricoid, right aryte-
noid, and left arytenoid cartilages were
not significant (P = .479 and 0.292 for
cricoid and right arytenoid cartilage,
respectively; P value was not applicable
to the left arytenoid cartilage).

The diagnostic performance of
CT in the evaluation of cartilage inva

sion and extralaryngeal spread is sum
marized in Table 1. For the thyroid
cartilage, evaluation of WA plus TO
images resulted in a significantly
higher specificity (P = .031) than did
evaluation of WA images alone. The
improvement in specificity was sig-
nificant only [or the thyroid cartilage
P = .97, .50, and .99, for cricoid,
right arytenoid, and left arytenoid
cartilage, respectively). The sensitiv-
ity for the thyroid, cricoid, and aryte-
noid cartilages did not differ between
WA images alone and in combination
with 10 images.
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Figure 3

Interohserver Reproducibility

Table 2 shows the results of «k statistic
analysis comparing diagnoses based on
the WA images alone and in combination
with 10 images. For thyroid cartilage,
the interobserver reproducibility of the
invasion scores was higher for diagnoses
made with WA and 10 images, with sub-
stantial agreement (x = 0.68-0.72) for
WA and 10 images and fair or moder-
ate agreement (k = 0.29-0.36) for WA
images alone. For cricoid cartilage, the
interobserver reproducibility tended to
improve with the addition of 10 images
(from x = 0.20-0.64 to « = 0.64-0.79).
However, the reproducibility with WA im-
ages alone did not differ from that with a
combination of WA and 10 images; there
was slight to fair agreement for arytenoid
cartilage {(x = 0.34-0.72 and 0.31-0.50,
respectively) and substantial agreement

for extralaryngeal tumor spread (k =
0.66-0.80 and 0.63-0.85, respectively).

in the current dual-energy CT study, we
compared the diagnostic performance
of combined WA plus 10 images with
that of WA images alone, which are
equivalent to standard single-energy
120-kV CT images (10), in the evalu-
ation of tumor invasion by laryngeal
and hypopharyngeal SCC. Diagnosis
with a combination of WA plus 10 im-
ages showed significantly higher spec-
ificities, with no compromise in the
sensitivity for thyroid cartilage. Fur-
thermore, the interobserver reproduc-
ibility of diagnosis with a combination
of WA plus 10 images was higher than
that with WA images alone {especially

Figure 3: False-positivé finding of lysis in

thyroid cartilage on WA image alone in 70-year-

old man with supraglottic cancer. (a) WA image

at supraglottic level shows tumor invading the
paraglottic space and piriform sinus. Nonossified
cartilage of right thyroid lamina has been replaced
by tumor (arrowheads). (b} 10 image does not
show a corresponding area of enhancement in
thyroid cartilage (arrowheads), and right nonossified
arytenoid cartilage behind tumor clearly shows no
enhancement (arrow). (c) Corresponding slice from
surgical specimen shows that right thyroid cartilage
(arrowheads) and arytenoid cartilage {arrow) have
not been invaded by tumor cells, I8 = macroscopic
border of tumar (7). (d) Photomicrograph confirms
that tumor cells have invaded thyroid and arytenold
cartilages. (Hematoxylin-eosin stain; original magni-
fication, X5.)

in the evaluation of thyroid and cri-
coid cartilage invasion) and that re-
ported with single-section spiral CT
(27,28). High specificity and repro-
ducibility could be achieved bhecause
the 10 images depicted areas of iodine
distribution in nonossified cartilage and
thus reduced the overestimation of in-
vasion that occurred during diagnoses
with WA images alone. This is particu-
larly important for treatment decision
making when function-preserving ther-
apy is being considered because fewer
false-positive diagnoses mean fewer un-
necessary laryngectomies.

In the early 1990s, CT was consid-
ered a highly specific test for the evalu-
ation of thyroid cartilage invasion, with
specificities reaching 87%-97%. How-
ever, these values were obtained at the
expense of sensitivity, which was re-
ported to be 50%-67% (29-31). In an
attempt 1o increase sensitivity, Becker
et al (7) in 1997 redefined the diagnos-
tic criteria for single-section CT and
were able to reach an acceptable bal-
ance of 71% versus 83% hetween sen-
sitivity and specificity hy applying these
criteria of erosion, lysis, and extralaryn-
geal tumor spread. Despite technologic
advances in CT (eg, transition from sin-
gle-section to multisection CT' and the
increase in spatial and temporal resolu-
tion), no major reports were published
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Figure 4°

a

b.

C.

Figure 4:  True-positive finding of invasion through outer cartex in thyroid cartilage on WA plus 10 image in 78-year-old man with glottic cancer. (a) WA image at
level of false vocal cords shows tumor invasion into left thyroid cartilage, spreading into extralaryngeal soft tissue (arrow). (b) 10 image clearly shows extent of ex-
tralaryngeal tumor spread, which matches the tumor shape (white arrow). (¢) Corresponding slice from surgicat specimen shows extralaryngeal tumor (7) spreading
through cartilage (white arrow), consistent with findings on 10 image (b). In addition, a nonenhanced islet is shown in anterior portion on 10 image (black arrow in b),
and pathologic findings confirmed absence of tumor (black arrow in ¢). Sclerosis of right thyroid cartilage is seen on WA image (arrowheads in a) but is not interpret-

able on 10 image. Pathologic specimen reveals invasion by tumor cells at location of sclerosis (arrowheads in ¢).

—WA images, AUC=0.870
-~ WA plus 10 images, AUC=0.957

T T

00 02 04 06 08 10
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Figure 5:  Graph shows ROC curves and corre-

sponding AUCs in the prediction of thyroid cartilage

invasion, The AUC for WA plus 10 images was mar-

ginally significantly larger (AUC = 0.957, P=.075)

than that for WA images alone (AUC = 0.870).

about the diagnostic performance of CT
for thyroid cartilage invasion until 2007,
when Li et al (8) reported a sensitivity
of 85% and a specificity of 75% with
64-section CT.

The diagnostic performance with
WA images alone in the present study
was in line with that in previous reports

(7,8). However, by adding information
from 10 images, we were able to im-
prove the specificity of CT while main-
taining a high sensitivity. The improve-
ment in accuracy was possible because
1O images revealed tumor tissue within
(or adjacent to) the cartilage as red
arcas ol iodine distribution, resulting
in better visual differentiation between
the tumor and noncalcified thyroid
cartilage.

Magnetic resonance (MR) imaging
seems to be more sensitive than CT for
detecting cartilage invasion (sensitivity
up to 96%) (32). However, peritumoral
inflammation can mimic cartilage inva-
sion even on MR images, leading to a
number of false-positive findings. Be-
cause inflaimmatory changes are most
common in the thyroid cartilage, the
specificity of MR imaging for detecting
invasion of the thyroid cartilage is only
56%~-65% (30,32). Furthermore, MR
imaging is often degraded by motion ar-
tifacts and lacks thin sections; both of
these factors mean that MR imaging is
not a satisfactory first choice for imag-
ing laryngeal and hypopharyngeal SCC.
Although we did not encounter false-
positive findings on WA plus IO images

caused by peritumoral inflammation
in our present study, the possibility of
problems similar to those with MR im-
aging occurring with 10 images must be
addressed in a future study.

The present study had some limita-
tions, including one related to the tech-
nical aspects of dual-energy CT. First, 10
imaging is unsuitable for the evalation
of areas of sclerotic change and previ-
ously ossified cartilage, as seen mostly
in the results for the arytenoid cartilage.
Because we used the three-material de-
composition algorithm (12,13,19), bone
and calcified structures were classified
mnto iodine or soft tissues according to
tissue density and could not be recog-
nized on 10 images. If lesions including
these structures were evaluated on the
hasis of 10 images alone, inappropriate
overestimation of iodine distribution
would have easily oceurred. Therefore,
areas of sclerosis and previously ossified
parts of cartilage should be evaluated
initially on WA images before the ad-
dition of 10 images to avoid this inher-
ent limitation. Second, the number of
cases in this study was relatively small,
and further studies involving a larger
number of cases with histologic findings
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Tahle 1

‘ﬁiégnysﬁngemfméﬁcé in the Evaluation of cartilﬁgé invasion and Ekﬁaléryligéal Tumor Spread

NPV (%)

Parameter- P N N FP* Sénsiﬁvity (%) Specificity (%) PPV (%)

Thyroid cartilage-invasion (n = 30) : ; :
WA images alone 6 16 1 7 B6 (6/7) 70 (16/23) 46 (6/13) 94 (16/17)
WA plus 10 images - 6 22 1 1 86 (6/7).° 96 (22/23) 86 (6/7) 96(22/23)

Cricoid cartilage invasion (n = 26)

WA images alone 4 21 0 1 100 (4/4) 95'(21/22) 80 (4/5) 100 (21/21)
WA plus 10 images 4 22 0 0 100 (4/4) 100 (22/22) 100 (5/5) 100 (21/21)

Right arytenold cartilage invasion (7 = 26)

WA images alone 2 19 1 4 67 (2/3) 83 (19/23) 33 (2/6) 95 (19/20)
WA plus 10 images ) 2 21 1 2 67 (2/3) 91 {21/23} 50 (2/4) 95(21/22)

Left arytenoid cartilage invasion (n = 26)

WA imagesalone . 0 % 0 1 NA 96 (25/26) 0 (0/1) 100 (25/25)
WA plus 10 images 0 25 0 1 NA 96 (25/26) 0(0/1) 100 (25/25)

Extralaryngeal tumor spread (n = 30)

WA images alone 13 16 1 0 93 (13/14) 100 (16/16) 100 (13/13) 94 (16/17)
WA plus 10 images . 14 16 0 0 100 (14/14) 100 (16/16) 100 (14/14) 100 (16/16)

Note.~Numbers in parentheses are raw data, FN = false-negative findings, FP = false-positive findings, NPV = negative predictive value, PPV = positive predictive vaiug, TN = true-negative findings,

TP = true-positive findings.
* Data are numbers of findings.
1 NA = not applicable,

1 P= 031 for comparison betwaen WA images and WA and I0 images.

are needed to ensure a clinical effect.
Third, the statistical analysis was poten-
tially limited in that the more reason-
able analyses, including the linear mixed
model 1o account for clustering, did not
work well and could not clearly justify
improvement of the interobserver repro-
ducibility owing to the small sample size.
These problems remain to be solved in
future studies. Furthermore, because
differences among readers in the scoring
of WA images remained relatively high,
larger studies are warranted to clarify
these issues.

In conclusion, combined analysis
of WA and 10 images generated with
dual-energy CT has the potential to im-
prove the diagnostic performance and
interobserver reproducibility of CT in
the evaluation of cartilage invasion by
laryngeal and hypopharyngeal SCC.
Acknowledgments: We thank Kelichi Nomura,
MS, National Cancer Genter Hospital East, for
his excellent technical assistance in image acqui-
sition and processing and Bernhard Krauss, PhD,

Siemens Healthcare, Forchheim, Germany, for
technical advice on dual-energy CT.
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 Tahle2 : : Sl
interobserver Agreement in the Evaluation of Cartilage Invasion and Extralaryngeal
Tumer Spread
Parameter and Reader WA Images Alone WA plus 10 Images
Thyroid cartifage invasion (n = 72)
AvsB 0.52 (0.29, 0.75) 0.72 (0.46, 0.98)
AvsC 0.46 (0.23,0.70) 0.72 (0.46, 0.98)
BvsC 0.29 (0.02, 0.58) 0.68 (0.39,0.97)
Cricold cartilage invasion (n=72)
AvsB 0.64 (0.28,1.01) 0.79(0.49,1.07)
AvsC 0.20 (~0.07, 0.46) 0.64 (0.32, 0.96)
BvsC 0.47 (0.18,0.75) 0.68 (0.39,0.97)
Arytenoid cartilage invasion (n = 144)
AvsB 0.34 (0.07,0.61) 0.50 (0.22, 0.78)
AvsC 0.40 (0.4, 0.65) 0.31(0.02,0.61)
BvsC 0.72 {0.53, 0.90) 0.45 (0.20,0.71)
Extralaryngeal tumor spread (n = 72)
AvsB 0.80 (0.64,0.97) 0.85(0.70,0.99)
AvsC 0.76 (0.59, 0.92) 0.70{0.52, 0.88)
BvsC 0.66 (0.46, 0.85) 0.63(0.43,0.82)

Note—Data are x values, with 95% confidence intervals in parentheses. k values of less than 0 indicate poor agreement;
0-0.2, slight agreement; 0.21-0.4, fair agreement; 0.41-0.6, moderate agreement; 0.61-0.8, substantial agreement; and

0.81-1, almost parfect agreement.

evant conflicts of interest to disclose, T.K. No rele-
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ORIGINAL ARTICLE

Geminin Expression in Pancreatic Neuroendocrine Tumors
Possible New Marker of Malignancy

Masalki Aizawa, MD,* Motohiro Kojima, MD, PhD,{ Naoto Gotohda, MD, PhD,* Satoshi Fujii, MD, PhD,T
Yuichiro Katoh, MD, PhD,* Takahiro Kinoshita, MD, PhD,* Shinichiro Takahashi, MD, PhD,*
Masaru Konishi, MD, PhD,* Taira Kinoshita, MD, PhD,* and Atsushi Ochiai, MD, PhDt

Objectives: We evaluated geminin labeling index (LI) as a new prog-
nostic indicator of pancreatic neuroendocrine tumor.

Methods: Twenty-seven patients who underwent surgery were ret-
rospectively referred. Labeling indices for geminin and Ki-67 were
calculated and compared with clinicopathologic factors. Then, the con-
cordance of positivity between 2 Lis was evaluated using the color dif-
ference quotation.

Results: The median (range) of Lls for geminin and Ki-67 was 1.0%
(0.05%—14.9%) and 1.5% (0.02%—8.8%), respectively. When the high
LI was defined as more than 2.0% according to the receiver operat-
ing characteristic curves determining the metastasis, both geminin LI
(hazard ratio [HR], 31.382: 95% confidence interval [CI], 3.177-309.99;
P =0.003) and Ki-67 LI (HR, 6.182; 95% CI, 1.221-31.298; P = 0.028)
were significant risk factors of recurrence in the univariate analysis. The
Kaplan-Meier curves consistently exhibited the superiority of geminin
LI (log rank, P < 0.001) to Ki-67 L1 (log rank, P = 0.041) in predicting
the disease-free survival. In the color difference quotation, the median
AFE of geminin stain (16.12; range, 5.8—41.9) was significantly larger
than that of Ki-67 stain (13.17; range, 3.4-37.9).

Conclusions: The geminin LI was suggested to be more closely
correlated with outcome and had more consistent positivity than the
Ki-67 L1

Key Words: geminin, neuroendocrine tumor, color difference
quotation, prognostic factor, Ki-67

(Pancreas 2012;41: 512-517)

he annual incidence of pancreatic neuroendocrine tumor

(PNET) is about 0.32 cases per population of 100,000 in
the United States and 2.23 cases per population of 100,000 in
Japan. Pancreatic neuroendocrine tumors are thought to repre-
sent 1%-2% of all pancreatic neoplasms. The apparent incidence
and prevalence of PNET have increased substantially during the
last 30 years, probably because of the rapid progress of inno-
vative diagnostic techniques.! The best treatment for PNET is
curative surgical resection, which has a disease-free survival rate
of 82% after surgery.® Pancreatic neuroendocrine tumors have
a wide spectrum of clinical presentations. Therefore, multiple
studies have attempted to develop staging and grading systems
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to better define prognosis.®™ The 2000 World Health Orga-
nization (WHO) classification system used both stage-related
criteria (size and presence of metastases) and grade-related cri-
teria (mitotic rate, perineural invasion, angioinvasion, and Ki-67
proliferative index) to predict outcome. Though this approach
included most well-accepted pathologic prognostic factors, the
multiple grading parameters made it difficult to reproduce grades
reliably among pathologists and institutions, and this grading
system has since been replaced by the current WHO classifica-
tion.® Immunohistochemistry for Ki-67 protein is commonly
used to evaluate the proliferative activity of tumor cells, and
numerous studies have shown that the labeling index (LI) of the
Ki-67 protein is correlated with the clinical outcome of patients
with a variety of malignant tumors, including PNET>371°
The Ki-67 protein is detected during all active cell cycle phases
(G, synthesis, G,, and mitosis and cytokinesis) but not in
resting (Gy) cells, although its function remains uncertain,''?
Although histologic grade-based estimations of prognosis are
extremely useful for interpreting biopsy samples, additional re-
liable markers are needed.

Geminin, a negative regulator of DNA replication, has re-
cently been described as a novel marker of malignant potential. 3
During the G, phase, DNA replication is initiated by the re-
cruitment of the origin recognition complex, composed of cell
division cycle-6 and Cdtl, to specific points of replication ori-
gin in the genome; this recruitment, in turn, loads the minichro-
mosome maintenance (Mcm) complex, which is composed of
Mem-2 to Mcm-7.'* Geminin is specifically expressed during
the S, G», and early M phases and interacts with Cdt1 to prevent
the loading of the Mcm complex to points of origin that have
already been initiated, thus ensuring a single replication per 1
cell cycle.’™'® Geminin expression has been widely observed
in various malignant neoplasms, and the number of geminin-
positive cells is reportedly proportional to the cell prolifera-
tion index, as measured using Ki-67 expression.’* High levels
of geminin expression are reportedly correlated with a poorer
clinical outcome in breast cancer,!” renal cell carcinoma,'®
prostatic adenocarcinoma,'? salivary gland carcinomas,®® lung
cancer,?! and gastric hyperplasia.?> However, the prognostic sig-
nificance of geminin expression in PNET remains unknown.

The purpose of this study was to determine whether gem-
inin expression defines the aggressiveness of PNET and to com-
pare the clinical and diagnostic use of the geminin LI with that
of the Ki-67 LL

MATERIALS AND METHODS

Patients

Between 1994 and 2010, a total of 27 consecutive patients
underwent primary surgical treatment for PNET at our insti-
tution. The medical records and surgical specimens of these
patients were retrospectively examined in the present study.
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Patients with recurrent tumors were excluded. Follow-up clinical
information was obtained from the patients’ medical records.
The follow-up time was measured from the date of surgery until
disease-caused death or the end of the follow-up period.

Clinicopathologic Parameters

The grading and staging of each tumor were performed
according to the WHO classification, the cancer staging manual
of the American Joint Committee on Cancer (AJCC), and the
classification proposed by the European Neuroendocrine Tuimor
Society (ENETS).”>**

The prognostic values of the following clinicopathologic
parameters were examined in the present study: tumor diame-
ter (<2 vs 22 cm), lymphatic or blood vessel infiltration (absent
vs present), perineural invasion (absent vs present), serosal or
retroperitoneal invasion (absent vs present), tumor extension
beyond the pancreas (absent vs present), mitotic index per
10 high-power fields (10 HPFs) (<2 vs 22), regional and distant
metastasis (absent vs present), and pathological stage (AJCC
stage = IIA vs AJCC stage < I, ENETS stage > I1Ib vs ENETS
stage < Ila).

Histologic Examination and
immunohistochemistry

Surgical specimens were fixed in 10% formalin and em-
bedded in paraffin. Two pathologists (M.A. and M.K..), who were
unaware of the clinical data, reviewed all the hematoxylin-
and-eosin—stained sections and reclassified and graded the
specimens according to the histologic parameters.

Serial 4-pm sections were used for immunohistochemical
staining. Deparaffinized and rehydrated sections were immersed
in 0.3% hydrogen peroxide in methanol for 30 minutes to block
endogenous peroxidase activity. Heat-induced antigen retrieval
was performed for 20 minutes at 95°C with a 10-mM citrate
buffer (pH 6.0). After the slides had cooled at room temperature
for 1 hour, they were exposed to 2% normal swine serum in
phosphate-buffered saline for 30 minutes, then allowed to react
overnight at 4°C with the following mouse monoclonal an-
tibodies: antihuman geminin (diluted 1:40, clone EM6; No-
vocastra, Newcastle, United Kingdom) or antihuman Ki-67
(diluted 1:100, clone MIB-1; Dako, Glostrup, Denmark). After
washing with phosphate-buffered saline 3 times, the sections
were reacted with EnVision plus (Dako) for 30 minutes at room
temperature. The peroxidase reaction products were developed
with 3,3'-diaminobenzidine, and the sections were counter-
stained with hematoxylin.

The LI of each marker was calculated by manually count-
ing the number of brown-stained tumor cell nuclei among the
total number of tumor cells in the most highly immunoreactive
area at a magnification of 400-fold, with the aid of an eyepiece
grid (5 % 5 squares). Indices were expressed as a percentage
value corresponding to the number of positive cells among
approximately 2000 tumor cells.

Evaluation of Color Difference Quotation

Immunochistochemically stained full-face sections from
each case with geminin and Ki-67 overexpression were digitized
using the Slide Path and the NanoZoomer Digital Pathology
System (Hamamatsu, Welwyn Garden City, United Kingdom).
Approximately 7 minutes was required to scan a slide at a res-
olution of 40x. Subsequently, 400-fold magnified images from
highly immunoreactive areas were exported for analysis.

The image analysis was performed using Photoshop (ver-
sion 7; Adobe Systems, San Jose, CA). First, the image mode
was converted from RGB to Lab color mode. Two hundred fifty
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representative positive cells were selected in each of 4 cases with
high geminin expression levels (LI > 2.0%) and 7 cases with
high Ki-67 expression levels (LI > 2.0%). All the cells with a
recognizable brown stain were measured. The L*¥a*b* value of
the nuclear areas was outputted as a range from 0 to 255. The
values represented a Lab color space composed of 3 axes in a
spherical form: L*, a*, and b*. The L* axis was associated with
the lightness of the color, whereas the ¢* and b* axes were as-
sociated with the red-green scale and the yellow-blue scale, re-
spectively. After the conversion of the scale to the CIE LAB
color system, the L* value was described as a decimal scale from
0 to 100, and the a* and b* values ranged from —128 to 127. The
difference between the average values for a positive cell and
an adjacent negative cell was calculated as AL*, Aa*, and Ab*.
Then, the color difference AE was estimated using the formula
AE = [(AL*)* + (Aa*)® + (Ab*Y]"2. AE was then compared
between the geminin-stained and Ki-67-stained sections.

Statistical Analysis

The Spearman rank correlation test was used to determine
associations between continuous variables. Receiver operating
characteristic curves were plotted to calculate the sensitivity,
specificity, positive predictive value, and negative predictive value
for the presence of metastasis. The cutoff values for the geminin
LI and the Ki-67 LI were chosen so as to obtain the best combi-
nation of predictive values. A univariate analysis using the Cox
proportional hazards model was applied to estimate the associa-
tions of clinicopathologic factors, including the immunohisto-
chemical results, with the disease-free survival period. Survival
curves were drawn using the Kaplan-Meier method, and the dif-
ferences were analyzed using a log-rank test. Differences in non-
parametric data were estimated using the Mann-Whitney U test.
All Pvalues < 0.05 were considered statistically significant. The
statistical analyses were performed using Dr. SPSS II for Win-
dows (SPSS Japan, Tokyo, Japan).

RESULTS

Demographic Characteristics and
Tumor-Related Factors

Among the 27 patients, the median age at the time of
diagnosis was 56 years; 14 patients (51.9%) were men, and
13 patients (48.1%) were women. In all the patients, a curative
resection was performed, followed by a histologic assessment
of the tumor grading. The tumor-related factors are summarized
in Table 1. The tumor was located in the pancreatic head in 11
cases (40.7%), in the body in 12 cases (44.4%), and in the tail
in 4 cases (14.8%). Only 1 case of functional PNET (insulinoma)
was included. The median and range of the maximum tumor
diameter were 26 mm and 8 to 92 mm, respectively. The diam-
eter was 2 cm or larger in 11 cases (40.7%). Local invasion was
observed in 2 cases (7.4%). One of these cases exhibited an
obstruction of the inferior common bile duct, and another case
presented with invasion to both the splenic artery and vein.
Lymph node metastasis was encountered in 10 cases (37.0%),
and a solitary liver metastasis was resected in 1 case (3.7%).
With respect to mitosis, fewer than 2 mitoses per 10 HPFs were
present in 19 cases (70.4%), from 2 to 10 mitoses per 10 HPFs
were encountered in 8 cases (29.6%), and none of the cases had
more than 20 mitoses per 10 HPFs.

The tumor grade classifications according to the WHO
system and tumor staging according to the AJCC or ENETS
criteria are shown in Table 1. Nineteen cases (70.4%) were
classified as grade 1 neuroendocrine tumor (NET), and § cases
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TABLE 1. Patient Demographics and Tumor-Related Factors
for 27 Patients

Characteristics
Age,y Median 56
Range 31-76
Sex, n (%) Men 14 (51.9)
‘Women 13 (48.1)
Location, n (%) Ph 11 (40.7)
Pb 12 (44.4)
Pt 4(14.8)
Functional tumor, n (%) 1(3.7)
Maximum diameter, mm Median 26
Range §-92
Diameter, n (%) <2 cm 16 (59.3)
>2 cm 11 (40.7)
Local invasion, n (%) 2(7.4)
Metastasis, n (%) — 17 (63.0)
Lymph node 10 (37.0)
Liver 1(3.7)
Mitosis, n (%) 0—1 per 10 HPFs 19 (70.4)
2-20 per 10 HPFs 8 (29.6)
>20 per 10 HPFs 0 (0.0)
WHO grading, n (%) NET GI 19 (70.4)
NET G2 8 (29.6)
NEC 0 (0.0)
AJCC stage, n (%) 1A 8(29.7)
IB 9 (33.3)
A 0 (0.0)
1B 9 (33.3)
il 0 (0.0
v 1 3.7
ENETS stage, n (%) 1 8 (29.7)
Ila 7(25.9)
1Ib 2(74)
1la 0 {0.0)
b 9(33.3)
v 1 3.7

NET GI indicates grade 1 NET; NET G2, grade 2 NET; Pb, pan-
creatic body; Ph, pancreatic head; Pt, pancreatic tail.

(29.6%) were classified as grade 2. According to the AJCC
staging, 17 cases (63.0%), 9 cases (33.3%), 0 cases (0%), and
1 case (3.7%) were classified as stages I, II, III, and IV, re-

spectively. According to the classification proposed by ENETS,
8 cases (29.7%), 9 cases {33.3%), 9 cases (33.3%), and | case
(3.7%) were classified as stages I, II, III, and IV, respectively.

The median and range of the observation period were
1704 days and 37 to 4206 days, respectively. Three patients died,
one of whom had a tumor-related death; the other 2 patients
had treatment-related deaths. Recurrence after surgery was ob-
served in 6 patients (22.2%).

Geminin and Ki-67 Expression

The immunohistochemical analysis examined the expres-
sions of geminin and Ki-67 protein in all the cases (Fig. 1). Im-
munoreactivity was observed exclusively in the nuclei of the
tumor cells. Geminin was also immunoreactive in the perichro-
mosomal cytoplasm of mitotic cells in a few cases. The median
LIs for geminin and Ki-67 were 1.0% and 1.5%, respectively.
The geminin LI was slightly but significantly lower than that
of Ki-67. Figure 2 shows the positive correlation between the
geminin LI and the Ki-67 LI (Spearman R; = 0.757, P < 0.001).

The receiver operating characteristic curves for the geminin
LI, the Ki-67 LI, and the mitosis count (all of which were con-
tinuous variables), which were used to predict the presence of
metastatic lesions, are shown in Figure 3. The curves for the
2 LIs were similar. The area under the curve was calculated to be
0.829 (95% confidence interval [CI], 0.660-0.999) for the
geminin LI, 0.776 (95% CI, 0.598-0.955) for the Ki-67 LI, and
0.594 (95% CI, 0.362-0.826) for the mitosis count. The geminin
LI seemed to have a slightly superior ability to predict metas-
tasis, compared with the Ki-67 LI. The sensitivity, specificity,
positive predictive value, and negative predictive value of a
geminin LI greater than 2.0% (n = 4) and of a Ki-67 L} greater
than 2.0% (n = 7) for determining metastasis were 33.3%,
90.5%, 50.0%, and 82.6% and 50.0%, 80.0%, 42.9%, and
85.0%, respectively. We defined high-geminin expression cases
as those with a geminin LI greater than 2% because this cutoff
had the best discriminatory power for the predictive values.
According to the current WHO classification, a Ki-67 LI of
2.0% can be used to discriminate G1 tumors, and this cutoff
also had the best discriminatory power for the predictive values
in the present analysis. Thus, we regarded a Ki-67 LI greater
than 2.0% as indicating a high Ki-67 expression level.

Correlations of Geminin and Ki-67 LIs
With Prognosis

Because there was only 1 tumor-related death in this series,
we examined the predictive values of each LI for the disease-
free survival period after surgery. The results of a univariate Cox
regression analysis are shown in Table 2. A mitosis count of
2 or more per 10 HPFs (hazard ratio [HR], 10.204; 95% CI,
1.684-61.834; P = 0.012), a local invasion (HR, 18.762; 95%

FIGURE 1. Representative photomicrograph of a PNET specimen. Hematoxylin and eosin staining (A) shows a typical trabecular
arrangement of uniform tumor cells, The cells have eosinophilic cytoplasm and centrally located, round nuclei. Immunohistochemical
staining for geminin (B) and Ki-67 (C) shows brown-stained tumor cell nuclei. The number of geminin-positive cells was smaller

than the number of Ki-67~positive cells in most cases (original magnification x400).
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