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TABLE 4. Overall survival and local control rates by local extension site.

Invasion No. of patients 5-y 0S, % pvalue 5-y LG, % pvalue
Superomedial
Middle nasal meatus + 93 43.4 .066 42.8 .033
- 25 75.4 71.2
Ethmoid sinuses + 86 40.0 014 43.0 .078
- 32 759 64.4
Cribriform plate + 26 19.1 .033 39.6 .240
- 92 56.8 516
Frontal sinus + 13 58.3 .690 69.2 211
- 105 48.7 46.7
Dura + 16 16.9 .001 8.2 <.001
- 102 54.7 54.7
Superior
Anterior orbital contents + 87 47.8 .836 49.1 .898
- 31 579 48.7
Orbital apex + 28 30.4 .087 35.7 124
- 90 56.8 52.9
Posterior
Posterior wall + 95 49.8 432 50.9 329
- 23 49.4 41.0
Pterygoid fossa + 69 44.7 .636 46.1 .687
- 49 56.9 53.2
Pterygoid plates + 71 42.0 .102 42.2 128
- 47 62.4 58.7
Sphenoid sinus + 30 34.4 .021 36.4 134
- 88 55.9 53.3
Nasopharynx + 13 12.5 .002 21.0 .090
- 105 54.6 52.1
Middle cranial fossa + 20 23.2 .013 249 179
- 98 55.9 53.3
Lateral
Infratemporal fossa + 70 49.4 .840 46.5 .536
- 48 50.0 52.0
inferior
Hard palate + 48 30.1 .057 36.8 027
- 70 59.3 56.9
Anterior
Subcutaneous tissue + 78 475 771 495 .936
- 40 56.0 47.8
Skin of cheek + 19 39.3 .882 59.1 .370
- 99 515 471
Cranial nerve
Other than V2 -+ 10 11.7 .010 1.7 .065
- 108 53.6 52.4

Abbreviations: 0S, overall survival; LC, local control.
The p values in boldface represent < .05.

pterygomaxillary fossa or frontal and sphenoid sinuses,
erosion of the cribriform plate, and invasion of the dura
had a significantly worse prognosis. Although the target
disease and anatomic sites analyzed did not necessarily
accord with those in our study, their results were similar
to our results. The reason for this is thought to be that the
superomedial and posterior sites are more difficult to
access for tumor resection while ensuring adequate surgi-
cal margins. These results suggested that further addi-
tional treatment is required for tumors that progress
deeply in the superomedial and posterior directions.
Interestingly, there were statistically significant differ-
ences in the overall survival and local control rates
among patients with invasion into the middle nasal mea-
tus and ethmoid sinuses. Patients with tumors not invad-

ing the middle nasal meatus or ethmoid sinuses had better
S-year overall survival rates of 75.4% and 75.9%, respec-
tively. The reason for this was considered to be that
tumors not progressing into these sites did not invade
more deeply into areas such as the cribriform plate or
dura and, therefore, complete resection of such tumors
was relatively easy. However, there was no significant
correlation between these sites.

Additionally, patients with tumor extension into the
hard palate, which is a factor defined as T2 disease, had
an unexpectedly poor prognosis. This site is not so diffi-
cult to resect completely; however, our results showed
that invasion into this site was related to invasion toward
posterior sites, such as the middle cranial fossa. Further-
more, the hard palate was the only site among those

1570 HEAD & NECK—DO! 10.1002/HED NOVEMBER 2014



LOCAL EXTENSION SITES IN MAXILLARY SINUS CANCER

TABLE 5. Correlations among local extension and poor prognostic sites or neck lymph node metastasis.

Lymph node
Cribriform plate Dura Nasopharynx Middle cranial fossa Other than V2 metastasis
Middle nasal meatus 0.996 0.558 0.366 0.296 0.616 0.925
Ethmoid sinuses 0.076 0.266 0.986 0.966 0.557 0.776
Cribriform plate N/A 0.009 (r = 0.267) 0.009(r = 0.270) 0.955 0.813 0.709
Frontal sinus <0.001 {r = 0.401) 0.527 0.316 0.581 0.525 0.486
Dura 0.009 (r = 0.267) N/A 0.018 (r = 0.256) <0.001 (r = 0.481) 0.269 0.738
Anterior orbital 0.868 0.099 0.955 0.891 0.924 0.089
contents

Orbital apex <0.001 (r = 0.328) 0.003 (r = 0.303) 0.328 0.312 0.015 (r = 0.259) 0.339
Posterior wall 0.809 0.796 0.443 0.805 0.708 0.899
Pterygoid fossa 0.588 0.532 0.003 (r = 0.297) 0.058 0.014 (r = 0.256) 0.760
Pterygoid plates 0.872 0.033 (r = 0.221)  0.027 {r = 0.231) 0.006 (r = 0.275) 0.019 (r = 0.248) 0.542
Sphenoid sinus <0.001 (r = 0.441) 0.001 (r = 0.337) <0.001 (r = 0.354) 0.013 (r = 0.255) 0.974 0.553
Nasopharynx 0.009 (r = 0.270)  0.018 (r = 0.256) N/A <0.001 (r = 0.418) 0.674 0.117
Middle cranial fossa 0.955 <0.001 (r = 0.481) <0.001 (r = 0.418) N/A 0.111 0.264
Infratemporal fossa 0.794 0.581 0.899 0.188 0.291 0.088
Hard palate 0.848 0.996 0.054 0.029 (r = 0.224) 0.335 0.007 (r = 0.268)
Subcutaneous tissue <0.001 (r = —0.354) 0.541 0.954 0.885 0.141 0.983
Skin of cheek 0.308 0.956 0.745 0.631 0.318 0.208
Other than V2 0.813 0.269 0.674 0.111 N/A 0.757

Abbreviations: 1, ¢ correlation coefficient; N/A, not available.

The figures in boldface represent p value < .05,

TABLE 6. Initial treatment for patients with tumor extension into poor prognostic sites.

No. of patients (%)
Total maxillectomy Partial maxillectomy RADPLAT IV-CRT Others

Cribriform plate 26 6 (23) 4 (15) 3(12) 7(27) 6 (23)
Dura 16 2(13) 1(6) 5(31) 6 (38) 2(13)
Nasopharynx 13 1(8) 3(23) 3(23) 3(23) 3(23)
Middle cranial fossa 20 3(15) 4 (20) 7 (35) 4 (20) 2(10)
Other than V2 10 2 (20) 3 (30) 3(30) 2(20) 0
Any of the 5 poor prognostic sites 48 9(19) 11 (23) 10 (21) 11 (23) 7(15)

Abbreviations: RADPLAT, radiation and intra-arterial cisplatin; IV-CRT, intravenous chemotherapy with concomitant radiotherapy.

examined in this study that was correlated with neck
Iymph node metastasis. Although the risk of lymph node
metastasis is relatively low in maxillary sinus cancer,
patients with nodal involvement demonstrated a worse
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FIGURE 3. Overall survival rate by initial treatment for patients
with tumor extension into poor prognostic sites.

prognosis.lo’13 Several reports have shown that patients
with T2 primary tumors of the maxillary sinus exhibit
high rates of regional failure.'*'> The reason for this was
speculated to be that the mucosa of the hard palate have
a more extended lymphatic network than the mucosa of
the maxillary sinus. Therefore, with regard to nodal
involvement, tumors extending into the hard palate
behave more like oral cancers than other maxillary sinus
cancers. The poor prognosis of patients with tumors
extending into the hard palate might be related to the
high risk of lymph node metastasis.

The cranial nerve other than V2 was the only independ-
ent factor among the poor prognostic sites. However, it
showed significant correlations with the orbital apex, pter-
ygoid fossa, and pterygoid plates. The II, III, IV, V1, and
V3 cranial nerves pass thlough the superior orbital fissure
or pterygopalatine fossa.'® Therefore, tumors invading the
orbital apex, pterygoid fossa, or pterygoid plates would
induce the involvement of those cranial nerves.

Regarding the treatment for tumors extending into such
poor prognostic sites, our results suggested that if com-
plete resection of tumor was possible, total maxillectomy
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would be desirable. Of 9 patients treated with total maxil-
lectomy, 5 patients simultaneously underwent anterior and
middle skull base resection and 1 patient underwent mid-
dle skull base resection. Three of the patients had no
recurrence of primary tumor. RADPLAT would be more
suitable than other treatments for patients in whom radical
surgery, including complete resection of the contents of
the orbit or skull base surgery was not possible. We have
reported that the S5-year local progression-free survival
and overall survival rates were 69.0% and 61.1%, respec-
tively, for patients with T4b disease treated with
RADPLAT.”

In conclusion, poor survival rates and local failure were
closely related to anatomic tumor extension site, and the
cribriform plate, dura, nasopharynx, middle cranial fossa,
and cranial nerves other than V2, in particular, were iden-

APPENDIX

tified as poor prognostic sites. The hard palate was the
only site among those examined in this study found to be
correlated to nodal involvement and showed a poor treat-
ment outcome. Even in cases with similar T4 SCCs in the
maxillary sinus, treatment should be performed in consid-
eration of the local extension sites.
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Abstract The efficacy of elective neck irradiation (ENI)
for patients with NO carcinoma of the maxillary sinus has
been controversial. The purpose of our study was to inves-
tigate the incidence of late neck recurrence and the mortality
rate from regional disease in patients with NO maxillary sinus
cancer after superselective cisplatin infusion and concomi-
tant radiotherapy (RADPLAT) without ENI. We retrospec-
tively analyzed 48 patients with NO maxillary sinus cancer
who underwent RADPLAT. Chemotherapy consisted of
100-120 mg/m*  superselective intra-arterial ~cisplatin
administered at a median rate of four times weekly. Con-
current radiation therapy was administered at a median dose
of 65 Gy without ENI. Late neck recurrence was observed in
8.3 % (4/48). Three patients underwent salvage neck dis-
section and survived without any evidence of disease. The
remaining patient did not undergo neck dissection due to
coexistence with distant metastasis, and he died of regional
disease. The mortality rate from regional disease was cal-
culated to be 2 % (1/48). The incidence of late neck recur-
rence was not frequent, and the mortality rate from regional
disease was low. Salvage neck dissection was considered to
be feasible for patients with late neck recurrence. When
definitive radiotherapy and concomitant chemotherapy are
applied, it is considered that ENI is not required for cases of
NO maxillary sinus cancer.
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Introduction

Carcinomas of the maxillary sinus are uncommon, com-
prising just 0.2-0.5 % of all cancers, 3 % of all head and
neck cancers, and 80 % of all paranasal sinus cancers [1].
Although nodal metastasis is uncommon in maxillary sinus
cancer, many authors have advocated elective neck irra-
diation (ENI) based on the 10-29 % rate of neck recur-
rence and the poor survival of patients with recurrent
disease in the neck [2, 3]. However, the role of ENI for
patients with NO maxillary sinus cancer remains contro-
versial. In our institution, ENI has not been applied when
patients with NO maxillary sinus cancer undergo superse-
lective cisplatin infusion and concomitant radiotherapy
(RADPLAT). The purpose of our study was to investigate
the incidence of late neck recurrence and the mortality rate
from regional disease in patients with NO maxillary sinus
cancer after RADPLAT without ENI.

Method
Patients

We retrospectively analyzed 49 patients with NO maxillary
sinus squamous cell carcinomas who underwent RAD-
PLAT in Hokkaido University Hospital, Japan between
September 1999 and July 2012. One patient, who died of
primary disease within 6 months after the end of treatment,
was excluded. The remaining 48 patients were eligible for
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Table 1 Patient demographics

Characteristic No. of patients (%)
Total 48
Gender
Male 38 (79 %)
Female 10 21 %)
Age, years
Median 60.5
Range 35-73 (ave. 58.7)

Follow-up period, months
Median 69.5

Range 15.4-142.5 (ave. 62.1)
T classification

T2 12 %)

T3 14 (29 %)

T4a 23 (48 %)

T4b 10 (21 %)

our study. T and N stages were classified according to the
American Joint Committee on Cancer (AJCC) staging
system 2010. Table 1 presents patient demographics.

Approval for this study was obtained from the institu-
tional review board at Hokkaido University. Completion of
the survey was considered to represent implied consent for
participation.

Radiotherapy

The irradiation plan during the period 2006-2012 was
70 Gy in 35 fractions of 2 Gy over 7 weeks for the primary
site. Between 1999 and 2005, the primary site was irradi-
ated with 65 Gy in 26 fractions of 2.5 Gy over 6.5 weeks.
Elective irradiation of nodal area was not attempted.

Chemotherapy

Chemotherapy consisted of the administration of
100-120 mg/m? superselective intra-arterial cisplatin at a
median rate of four times weekly (range 2-5 times, mean
3.7 times). At the same time, sodium thiosulfate was
administered intravenously (24 g/body) to provide effec-
tive cisplatin neutralization.

Monitoring management

Patients were usually monitored monthly for recurrence in
the first year, every couple of months in the second year,
and every 6 or 12 months thereafter until death or data
censoring. Ultrasonography and/or CT scan of the nodal
area was routinely performed once in every 3 months in the
first year, and every 6 or 12 months thereafter. If late neck
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recurrence was observed, salvage neck dissection was
indicated.

Statistics

The Kaplan~Meier method was applied for overall sur-
vival. The time of interest was the duration from the start of
the treatment to death or censoring. JMP Pro 10.0.2 sta-
tistical software (SAS Institute, Cary, NC, USA) was used
for the analysis.

Results
Chemoradiotherapy

Intra-arterial chemotherapy was performed for a median of
4 times (range 1-5 times). The median irradiation dose was
70 Gy. The irradiation dose ranged from 48 to 70 Gy.
Forty-five patients (93.7 %) underwent a full course of
irradiation (>65 Gy).

Clinical outcomes of nodal status

The median follow-up period for living patients was
69.5 months (range 15.4-142.5 months). Late neck recur-
rence was observed in 8.3 % (4/48) at a median 11 months
(range 1-32 months) after the completion of RADPLAT.
Details of the four patients with late neck recurrence are
given in Table 2. Neck dissection was performed in three of
the four patients with late neck recurrence. These three
patients survived without any evidence of disease. Neck
dissection was not performed in the remaining patient due to
coexistence with distant metastasis, and he died of regional
disease 2 months after neck recurrence.

Five patients died of primary disease without any regional
disease at a median 22 months (range 8—46 months) after the
completion of RADPLAT. Two patients died of other dis-
ease without any regional disease 11-43 months after the
completion of RADPLAT. Another patient died of distant
disease without any regional disease 6 months after the
completion of RADPLAT. The mortality rate from regional
disease was calculated to be 2 % (1/48).

The 5-year overall survival rate of all 48 participants was
calculated to be 78.2 % by the Kaplan—Meier method
(Fig. 1).

Salvage neck dissection

Salvage neck dissection was performed in three patients. In
one of these three patients, radiotherapy and chemotherapy
were suspended at an irradiation dose of 50 Gy as an
allergic reaction was observed after the second intra-
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Table 2 Details of the four patients with late neck recurrence
Case Age Sex T Radiation Chemotherapy  Extent of Recurrent  Treatment for subsequent Outcome
classification dose (no. of times)  primary nodal area nodal metastasis (observation
disease period after
recurrence)
1 45 F 4a 65 4 Infra-temporal  Ila Neck dissection NED (9 years)
fossa
2 41 M 4b 65 4 Orbital apex IIa Palliative treatment Dead of regional
disease
(2 months)
3 67 M 4a 50 2 Infra-temporal  Ib Neck dissection NED (5.7 years)
fossa and associated with
oral mucosa resection of the primary
tumor
4 37 M 4a 70 4 Frontal wall Intra- Neck dissection NED (5.5 years)
and skin parotid

NED no evidence of disease

1.0”—\\_‘1_\_‘—_\j
[
E 0.8 |
= | overall survival rate (n=48) 78.2%
2 0.6
2
S i
wv
— 0.4
<
© i
]
& 0.2
0.0 L e e L e
0 2 4 6 8 10 12

Time (year)

Fig. 1 The overall survival curve of all 48 patients with NO maxillary
sinus cancer after intra-arterial cisplatin infusion with concomitant
radiotherapy

arterial administration of cisplatin. Although salvage sur-
gery for persistent primary disease was planned, the pre-
sence of late neck recurrence was observed 1 month after
the end of initial treatment. Therefore, salvage neck dis-
section was performed simultaneously with the primary
tumor resection.

Although the extent of neck dissection varied, the lymph
nodes in the upper and middle jugular chain areas were
dissected in all three patients. The patient with metastasis
of the intra-parotid lymph node underwent total paroti-
dectomy associated with neck dissection of the upper and
middle jugular chain areas. Submandibular nodes (level Ib)
were dissected in two patients. The definitive pathological
results of the lymph nodes revealed viable tumor cells in all
three patients undergoing neck dissection. No post-opera-
tive complications were observed in any patient.

Two patients (case 1 and 3) did not undergo any
adjunctive treatment after salvage neck dissection. One

patient (case 4) underwent adjunctive chemotherapy con-
sisting of oral uracil-tegafur (UFT) for a year after salvage
neck dissection.

Discussion

In 1980s, most authors did not advocate ENI for patients
with NO maxillary sinus cancer because of the general
belief that nodal metastasis was uncommon in tumors
without extensive lymphatic involvement [4-6]. The
overall nodal recurrence rate without ENI was reported to
be 38 % for squamous cell and undifferentiated carcinomas
from the MD Anderson Cancer Center [7]. Based on this
finding, researchers at the same institution began to advo-
cate ENI for most patients with carcinomas of the maxil-
lary sinus, with the exception of those with T1 lesions.
Following this report, many authors advocated ENI based
on the high rate of late neck recurrence and the poor sur-
vival of patients with neck recurrence in 1990s-2000s (2,
3]. However, the efficacy of ENI remains controversial due
to the fact that there have been few reports indicating the
incidence of late neck recurrence in patients with NO
maxillary sinus cancer treated by definitive radiotherapy
and chemotherapy without ENI.

ENI has not been used for patients with NO maxillary
sinus cancer when definitive radiotherapy and concomitant
superselective intra-arterial chemotherapy were applied in
our institution. Qur results indicate both a low mortality
rate from regional disease (2 %) and a low incidence of late
neck recurrence (8.3 %). Based on our uniformed treat-
ment, these results can be considered reliable. The rate of
late neck recurrence in our institution was considerably
lower than that of recent reports. The reason for the low
recurrence rate in our study is speculated to be that intra-
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arterially injected cisplatin targeting the primary tumor has
a beneficial effect on subclinical metastatic lymph nodes. It
has been reported that intra-arterially injected cisplatin can
pass, via lymph flow, into the lymph nodes in patients with
tongue cancer [8, 9]. These reports appear to support our
hypothesis. Further, Jang et al. [10] reported that the
incidence of late neck recurrence was 3.3 % in patients
with T3-4 NO maxillary sinus cancer, who underwent
definitive radiotherapy without ENI. As 66 % of all par-
ticipants received induction chemotherapy and 10 % of
them received concurrent chemotherapy in this report, it
might be that systemic drug application has the capacity to
eliminate occult micrometastases in regional lymphatics to
a degree, comparable to that of ENI or surgery.

Approaching this subject from a different perspective,
Brown et al. investigated the efficacy of elective neck
dissection in the management of maxillary sinus cancer.
They concluded that elective neck dissection did not con-
tribute to an improved rate of neck control [11]. In terms of
surgical treatment, prophylactic intervention for subclinical
regional disease was also ineffective.

Patterns of late neck recurrence appear to be varied. It
was reported that the most common site of neck recurrence
was in level Ib and Ila nodes [2, 12]. Our patients included
two with nodal metastasis involving in level Ila, and one
involving in level Ib nodes, as well as one patient with an
intra-parotid metastatic node. Although nodal metastasis in
the intra-parotid area was not common, frontal wall and
skin invasion might cause nodal metastasis in this area.

Conclusions

We showed both a low mortality rate from regional disease
(2 %) and a low incidence of late neck recurrence (8.3 %)
for patients with NO maxillary sinus cancer, who were
treated by RADPLAT. Therefore, it is considered that ENI
does not have a significant role in treatment in cases in
which definitive radiotherapy and concomitant chemo-
therapy are applied.
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INTRODUCTION

Objective: Fine-needle aspiration cytology (FNAC) is considered to be the most reliable
method of examination for thyroid nodules. However, when thyroid nodules are evaluated
as Bethesda |-V, the role of ultrasonography is considered to be enhanced. We investi-
gated the association between a number of ultrasonographic (US) characteristics and the
risk of thyroid malignancy, and assessed the optimal compromise on the number of US
characteristics for predicting thyroid malignancy.

Methods: Seventy-three patients, whose thyroid nodules were evaluated as Bethesda -V
by FNAC prior to surgery, were treated surgically. A number of US characteristics, such
as microcalcification, irregular margins, hypoechogenicity, a tallerthan-wide shape, and
the absence of halo sign, were assessed before surgery. The optimal compromise on the
number of US characteristics was analyzed using a receiver operating characteristics (ROC)
curve. The area under the ROC curve (AUC) represents the overall discriminatory ability of
a test.

Results: The risk of malignancy was 11.8% in patients without any US characteristics,
44 4% in those with one characteristic, 61.5% in those with two characteristics, 75% in
those with three characteristics, 90% in those with four characteristics, and 100% in those
with five characteristics. The AUC was favorable (0.81599). At least two US characteristics
were revealed to be the optimal compromise on the number of US characteristics based
on the ROC curve.

Conclusion: We proved the role of the number of US characteristics in predicting thyroid
malignancy. It was thought that a surgical approach should be considered for patients with
at least two US characteristics.

Keywords: thyroid cancer, thyroidectomy, fine-needle aspiration cytology, ultrasound image, ROC curve

IMATERIALS AND METHODS

Fine-needle aspiration cytology (FNAC) is considered as the most
reliable method of examination by which to make decisions
regarding surgical treatment for patients with thyroid nodules (1,
2). To standardize FNAC reports, the National Cancer Institute
(NCI) hosted an “NCI thyroid fine-needle aspiration state of the
science conference,” which led to the formation of “The Bethesda
system for reporting thyroid cytopathology” (3-5). On the other
hand, ultrasonography has been reported to be effective in pre-
dicting thyroid malignancies (6, 7). We believe that the role of
ultrasonography is enhanced for patients with nodules that were
not diagnosed definitively as malignant by FNAC. We assessed the
accuracy of each ultrasonographic (US) characteristic for patients
with thyroid nodules classified as Bethesda I-V. We also focused
on the number of US characteristics, and determined the optimal
compromise on the number of US characteristics for predicting
thyroid malignancies.

PATIENTS

A total of 185 patients with thyroid nodule were surgically treated
between July 2010 and December 2013 in the Department of
Otolaryngology-Head and Neck Surgery, Hokkaido University,
Sapporo, Japan. Of these, 73 patients, whose thyroid nodules were
evaluated as Bethesda I-V by FNAC before surgery, were eligible
for this study. These patients consisted of 52 women and 21 men,
with a median age of 58 years old (range, 24-77 years). Approval
for this study was obtained from the institutional review board of
Hokkaido University.

PREOPERATIVE EVALUATION AND ULTRASONOGRAPHIC DIAGNOSTIC
CRITERIA

Certified head and neck surgeons performed ultrasonography for
patients with thyroid nodules before surgery using a HI VISION
Ascendus system (HITACHI ALOKA Medical, Tokyo, Japan).
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Table 1 | The modified ultrasonographic diagnostic criteria.

Table 2 | The risk of malignancy according to Bethesda classification.

Microcalcification
Irregular margins
Hypoechogenicity
Tallerthan-wide shape
Absence of halo sign

Nodules defined as positive if any one of these
characteristics were observed

Thyroid nodules were evaluated by B mode, and nodule size was
recorded. US characteristics, such as microcalcification, irregu-
lar margins, hypoechogenicity, taller-than-wide shape, and the
absence of halo sign, were assessed according to previous reports
(6,7). The US diagnostic criteria defined nodules as positive if any
one of these five characteristics were observed (Table 1). FNAC
was performed before surgery for all patients with a 21-gage nee-
dle attached to a 50 cc disposable syringe using US guidance. Two
alcohol-fixed smears were prepared for Papanicolaou staining. On-
site evaluation was not performed routinely. FNAC was evaluated
by pathologists in accordance with the Bethesda system (3-5).

SURGICAL TREATMENT AND POSTOPERATIVE EVALUATION
Lobectomy or total thyroidectomy was performed based on the
result of FNAC, the extent of nodules, the nodal status, or the
patient’s wishes. Paratracheal nodal dissection or lateral neck dis-
section was added according to the nodal status. The removed
thyroid nodules were assessed pathologically.

STATISTICAL ANALYSIS

We calculated sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) for each US char-
acteristic. The risk of malignancy was also calculated according to
the number of US characteristics. The optimal compromise on the
number of US characteristics was analyzed using a receiver oper-
ating characteristics (ROC) curve. The ROC curve plots sensitivity
against (one-specificity) for all possible thresholds in a binary clas-
sification task. The area under the ROC curve (AUC) represents
the overall discriminatory ability of a test, where a value of 1.0
denotes perfect ability and a value of 0.5 denotes no ability.

RESULTS

THE BETHESDA CLASSIFICATION

Thyroid nodules were evaluated as non-diagnostic or unsatis-
factory (Bethesda I) in 10 patients, benign (Bethesda II) in 22
patients, atypia of undetermined significance or follicular lesion
of undetermined significance (Bethesda III) in 12 patients, follic-
ular neoplasm, or suspicious for a follicular neoplasm (Bethesda
IV) in 9 patients, and suspicious for malignancy (Bethesda V) in
20 patients by FNAC.

SURGERY AND FINAL PATHOLOGICAL RESULTS
The reason for surgery was suspicious for malignancy by FNAC in
20 patients, the presence of US abnormalities in 35 patients, large
size (>3 cm) in 12 patients, and the patient’s wish for a diagnostic
lobectomy instead of repeat FNAC in 6 patients.

Based on final pathological results, benign lesions were
observed in 34 patients, consisting of 24 cases of adenomatous
goiter, 9 of follicular adenoma, and 1 of benign cyst. Malignant

Bethesda No. of Final pathology The risk of
classification patients malignancy (%)
Malignant Benign

| 10 6 4 60.0

11 22 8 14 36.4

11 12 5 417

I\ 9 2 7 22.2

\ 20 18 2 90.0

Table 3 | The correlation between final pathology and evaluation of the
ultrasonographic (US) criteria {sensitivity 94.9%, specificity 44.1%,
positive predictive value 66.1%, negative predictive value 88.2%).

Final pathology Total
Malignant Benign
US Criteria
Positive 37 19 56
Negative 2 15 17
Total 39 34 73

tumors were observed in 39 patients, consisting of one case of
anaplastic carcinoma, one of poorly differentiated carcinoma, 34
of differentiated papillary carcinoma, and 3 of minimally inva-
sive follicular carcinoma. Table 2 shows the correlation between
Bethesda classification and final pathological diagnosis.

US CHARACTERISTICS AND DIAGNOSTIC VALUE

The median maximum nodule diameter was 22 mm (range, 5—
70 mm). Microcalcification was observed in 30 patients, irregular
margins in 23 patients, hypoechogenicity in 24 patients, taller-
than-wide shape in 14 patients, and an absence of halo sign in 44
patients.

With the use of the modified US diagnostic criteria, 56 patients
were classified as positive. In 37 of these 56 patients, malignant
thyroid diseases were observed. When using diagnostic criteria,
the sensitivity, specificity, PPV, and NPV were calculated as 94.9,
44.1, 66.1, and 88.2%, respectively (Table 3).

Table 4 shows the sensitivity, specificity, PPV, and NPV for each
US characteristic and tumor size.

THE NUMBER OF US CHARACTERISTICS AND ROC CURVE ANALYSIS
Table 5 shows the risk of malignancy according to the number
of US characteristics. Sensitivity and specificity were indicated for
each number of US characteristics in Table 6. The analysis of the
association between the risk of malignancy and the number of
US characteristics is shown in Figure 1 with an ROC curve show-
ing the plots of all thresholds. The value of AUC was 0.81599.
At least two US characteristics was revealed to be the optimal
compromise on the number of US characteristics based on the
ROC curve.
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Table 4 | Diagnostic value of each ultrasonographic characteristic.

Characteristics Sensitivity Specificity PPV NPV
(%) (%) (%) (%)
Tumor size >3 cm 23.1 61.8 40.9 41.2
Microcalcification 59.0 79.4 76.7 62.8
Irregular margins 513 91.2 870 62.0
Hypoechogenicity 46.2 82.4 75.0 571
Tallerthan-wide shape 30.8 94.1 856.7 54.2
Absence of halo sign 4.4 55.9 65.9 65.5
PPV, positive predictive value, NPV, negative predictive value.
Table 5 | The risk of malignancy according to the number of
ultrasonographic (US) characteristics.
The number of No. of Final pathology The risk of

US characteristics patients malignancy (%)

Malignant Benign
5 3 3 0 100.0
4 10 9 1 90.0
3 12 9 3 75.0
2 13 8 5 61.5
1 18 8 10 44 .4
0 17 2 15 n.8

Table 6 | The sensitivity and specificity of each number of
ultrasonographic (US) characteristics for predicting thyroid
malignancies.

The number of US
characteristics

Sensitivity (%) Specificity (%)

5 7.7 100.0
4 30.8 97.1
3 53.9 88.2
2 74.4 736
1 94.9 441
0 100.0 0.0

ANALYSIS OF 34 CASES DIAGNOSED WITH DIFFERENTIATED
PAPILLARY CARCINOMA

Of 34 cases diagnosed with differentiated papillary carcinomas,
five cases were evaluated as Bethesda I, seven cases were evalu-
ated as Bethesda 11, three cases were evaluated as Bethesda I1I, two
cases were evaluated as Bethesda IV, and 17 cases were evaluated
as Bethesda V. Of these 34, 3 patients had 5 US characteristics,
7 patients had 4 US characteristics, 9 patients had 3 US charac-
teristics, 8 patients had 2 US characteristics, 6 patients had 1 US
characteristic, and 1 patient had no US characteristics.

DISCUSSION

Both accuracy and value of FNAC for the preoperative evaluation
of thyroid nodules have been established. When the cytological
diagnosis is malignant, the PPV is >99%, and when it is benign,
the false negative is typically <5% (4, 8). On the other hand, many

1.0
0.8+
. \ the number of US
§ 0.6~ fn characteristics=2-— -
> 4
B 47
= B
&
v 0.4+
0.2+ ’
0.0 +———1— I S
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
FIGURE 1 | The receiver operating characteristics (ROC) curve showing
the predictive value for thyroid malignancy based on the number of
ultrasonographic (US) characteristics. The area under the ROC curve
(AUC) was 0.81599.

authors have also found ultrasonography to be effective in predict-
ing thyroid malignancies. Kim et al. reported the effectiveness of
the US diagnostic criteria, which was defined as positive if any one
of the US characteristics, such as microcalcification, irregular mar-
gins, hypoechogenicity, or taller-than-wide shape, was observed
(6). They applied these criteria to patients with thyroid nodules
and found that the sensitivity, specificity, PPV, and NPV were 94,
66, 56, and 96%, respectively. Rago et al. also reported that of the
absence of halo sign was useful in predicting thyroid malignan-
cies (7). In current study, we added this feature to the US criteria
reported by Kim et al., and evaluated these modified US diagnostic
criteria on patients with Bethesda I-V. We found that these crite-
ria had almost the same level of accuracy as that reported by Kim
et al. Although we did not find any evidence that a specific feature
was particularly effective in predicting thyroid malignancies, both
irregular margins and taller-than-wide shape had high PPVs (87
and 85.7%, respectively), and might be the most predictive char-
acteristics. In addition, we were unable to prove the efficacy of
nodule size in predicting thyroid malignancies. From the results
of our study, we believe that nodule size should not be included
in the US diagnostic criteria. The NPV of our criteria (88.2%)
was satisfactory. Therefore, it might be acceptable to recommend
repeat FNAC for patients without any US characteristics.
Smith-Bindman et al. suggested classifying patients with thy-
roid nodules according to the number of US characteristics, such
as nodule size (>2 c¢m), microcalcification, or solid nodules (9).
It was suggested that patients with <2 US characteristics have a
risk of malignancy of 5 per 1000 patients, so that it was consid-
ered acceptable for biopsy or diagnostic lobectomy to be deferred
in such patients. From the current study, our ROC curve analy-
sis indicated that at least two US characteristics were optimal
compromise, and we proved that the number of US characteristics

wwuwv.frontiersin.org

September 2014 | Volume 4 | Article 261 | 3



Sakashita et al.

Ultrasonographic criteria predicting thyroid malignancies

was correlated significantly with the risk of malignancy, as the
AUC of the ROC curve showed a favorable value (0.81599). This
indicated that patients with at least two US characteristics had a
risk of malignancy of 76%. Although repeat FNAC is convenient
and minimally invasive, we believe that a surgical approach should
be considered for patients with at least two US characteristics.

Marchevsky et al. reviewed the risk of malignancies predicted by
FNAC. The rates of malignancies detected on thyroidectomy were
75% in patients with Bethesda I, 32.2% in those with Bethesda II,
37.9% in those with Bethesda III, 27.3% in those with Bethesda
IV, and 100% in those with Bethesda V (10). Although our results
were comparable to previous reports, it is regarded inevitable that
the risk of malignancy by FNAC classification should vary quite
markedly among institutions.

Ohori et al. reviewed the risk of malignancy in patients with
Bethesda III, and found that the risk ratio ranged from 6 to 48%
(11). Gweon et al. also reported the risk of malignancy based on
thyroidectomy and/or ENAC was 70% in patients with Bethesda
III. They found that the adoption of US evaluation elevated the
accuracy of the diagnosis of malignancies to 85-100% (12). From
these reports, it appears to be acceptable to make the decision
to perform surgery on the basis of US findings for patients with
thyroid nodules categorized as Bethesda III.

The limitations of this study include its retrospective nature,
and the limited study population. Our study was designed to deter-
mine how to reduce unnecessary and excessive thyroid surveillance
and lobectomy. Therefore, we limited inclusion eligibility to those
patients undergoing surgery and with Bethesda I~V nodules. Our
data might not, therefore, be applicable to every case with Bethesda
I-V nodules. In addition, the accuracy of the FNAC was very low in
our study. In previous reports, patients with thyroid nodules eval-
uated as Bethesda [-III were recommended for repeat FNAC or
clinical follow-up (4, 5). However, 44 patients with nodules eval-
uated as Bethesda I-III underwent thyroidectomy in our study.
If we undertook repeat FNAC for these 44 patients, the accuracy
of the FNAC would be improved. However, we would like to rec-
ommend that the decision to undertake thyroidectomy be based
on the number of US characteristics instead of repeat FNAC for
patients with thyroid nodules evaluated as Bethesda I-III.

We focused on 34 cases pathologically diagnosed with differ-
entiated papillary carcinoma. Of these 34, 12 were false negative
based on FNAC findings, including 7 with Bethesda II-benign,
3 with Bethesda III-atypia of undetermined significance or fol-
licular lesion of undetermined significance, and 2 with Bethesda
IV-follicular neoplasm. After excluding five cases with Bethesda
[-unsatisfactory, the false negative rate for FNAC was calculated as
41.4% (12/29). Using the criteria of at least two US characteristics,
false negative findings based on the number of US characteristics
were observed in seven patients (20.6%, 7/34). This focus on dif-
ferentiated papillary carcinomas reconfirmed the beneficial role
of the number of US characteristics due to the acceptable false
negative rate.

In conclusion, we applied a modified set of US criteria,
and proved the efficacy of the number of US characteristics
in predicting thyroid malignancies. We believe that a surgical
approach should be considered for patients with at least two US
characteristics.
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Introduction

Oxycodone is a p-opioid receptor agonist which is widely used
in the treatment of cancer pain and chronic pain [1]. It is a semi-
synthetic form of morphine with similar analgesic properties and
side effects such as nausea, vomiting, constipation, somnolence,
dizziness and pruritus [2]. At high dose or overdoses, oxycodone
can cause shallow respiratory depression, somnolence progressing
to stupor or coma, skeletal muscle flaccidity, etc. The oral
bioavailability of oxycodone is 60 to 87%, and is higher than that
of morphine [3-5]. Only 10% of the oxycodone dose is excreted
unchanged in the urine and it is extensively metabolized by
duodenal and hepatic cytochrome P450 (CYP) isozymes [6] [7].
The predominant metabolic pathway of oxycodone is CYP3A4-
mediated N-demethylation to noroxycodone, while a minor
proportion undergoes 3-O-demethylation CYP2D6 to oxymor-
phone, which is the active metabolite. Further oxidation of these
metabolites via CYP2D6 (and CYP3A4) yields noroxymorphine

PLOS ONE | www.plosone.org

[6]. Both of these metabolites are further metabolized into
noroxymorphine.

Aprepitant, an orally available, selective neurokinin-1 receptor
agonist, is effective for both acute and delayed chemotherapy-
induced nausea and vomiting (CINV) and is used in combination
with a 5-hydroxytryptamine-3 (5HT3) antagonist and a cortico-
steroid (e.g., dexamethasone) for the treatment of moderately and
highly emetogenic chemotherapy. The recommended dose of
aprepitant is 125 mg prior to chemotherapy on day 1 and 80 mg
once daily on days 2 and 3 (125-mg/80-mg regimen).

Aprepitant is metabolized by CYP isozymes 1A2, 2C19, and
3A4, and was shown to be a moderate inhibitor of CYP3A4 (K; of
about 10 pM for 1’ and 4-hydroxylation of midazolam and N-
demethylation of diltiazem, respectively) in vitro and a very weak
inhibitor of CYP2C19 and CYP2C9 [8]. Moreover, drug-drug
interaction studies have indicated that aprepitant can inhibit
CYP3A4 enzyme activity. When the standard oral dexamethasone
regimen for CINV (20 mg on day 1 and 8 mg on days 2 to 5) was

August 2014 | Volume 9 | Issue 8 | 104215




given concomitantly with aprepitant, the dexamethasone area
under the time-concentration curve (AUC) from 0 to 24 hours
increased approximately 2-fold on both day 1 and day 5 compared
with the standard oral dexamethasone regimen alone [9]. When
the methylprednisolone regimen consisted of 125 mg intravenously
on day 1 and 40 mg orally on days 2 to 3, aprepitant increased the
AUC of intravenous methylprednisolone 1.5-fold on day 1 and of
oral methylprednisolone 2.5-fold on day 3 [9]. Converscly, several
studies have not demonstrated that aprepitant use mediated
clinically relevant effects on the pharmacokinetics of intravenously
administered docetaxel or vinorelbine [10] [11].

At the 125-mg/80-mg regimen used for oral aprepitant
administration for CINV, the peak plasma concentrations (Cmax)
of 1,600 ng/mL (around 3.0 uM) and 1,400 ng/mL (around
2.6 pM) were reached in approximately 4 hours (Tmax) on day 1
and day 3, respectively [12]. As the intestinal drug concentration
following oral administration is even higher than the plasma
concentration, it is expected that orally-administered aprepitant
inhibits intestinal CYP3A4 greater than intravenously-adminis-
tered aprepitant and that orally co-administered drug is affected to
a greater extent by the inhibitory effect of intestinal CYP3A4 than
intravenously co-administered drug [9,13].

Concomitant use of oxycodone and aprepitant is used in clinical
practice for cancer patient care. However, aprepitant might have
the potential to increase the plasma concentrations of oxycodone
and its metabolites via inhibition of CYP3A-mediated metabolism
of oxycodone. As a result, the side effects of oxycodone may
increase. In this study, we have thercfore investigated the possible

Effects of Aprepitant on PK of Oral Oxycodone

effects of the mild CYP3A4 inhibitor aprepitant on the pharma-
cokinetics of orally administered CR oxycodone in patients with
cancer pain.

Methods

The protocol for this trial and supporting TREND checklist are
available as supporting information; see Checklist S1, Protocol S1
and S2.

Patient selection criteria

The subjects were enrolled in patients whom continued to be
administered CR oxycodone twice or three times daily for cancer
pain and were planned to receive chemotherapy with aprepitant
for CINV. Within the last 3 or more days to reach steady state, the
subjects had received a fixed dose of CR oxycodone. Additional
eligibility criteria were age=18 years, histologically confirmed
malignant solid tumor, and adequate organ function [serum total
bilirubin less than 1.5 xupper limits of normal (ULN), aspartate
aminotransferase (AST) less than 2.5 xULN, alanine aminotrans-
ferase (ALT) less than 2.5xXULN, and serum creatinine less than
1.5XULN]. Patients were excluded if they had gastrointestinal
disorders that could affect ingestion or absorption of either CR
oxycodone or aprepitant, and if they were receiving or likely to
receive drugs or food that could act as potent CYP3A4 or
CYP2D6 inhibitors or inducers. All patients provided written
informed consent and study approval was obtained from the
Institutional Review Board of Kobe University Hospital.

Assessed for eligibility (n= 21)

Excluded (n= 1)
€ Not meeting inclusion criteria (n= 1)

@ Declined to participate (n= 0)
@ Other reasons (n=0)

Allocated to intervention (n= 20)
9 Received allocated intervention (n= 20)
@ Did not receive allocated intervention (n= 0)

Lost to follow-up (n=0)
Discontinued intervention (n= 0)

Analysed (n= 20)

€ Excluded from analysis (n= 0)

Figure 1. CONSORT flow diagram.
doi:10.1371/journal.pone.0104215.g001
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Table 1. Patient characteristics.

Effects of Aprepitant on PK of Oral Oxycodone

Age Median (range)

Head and Neck cancer
CRC

Endometrial cancer

Clinical stage v

Irinotecan

Study design

This study which was an open-label, two-period, single-
sequence design was conducted at Kobe University Hospital.
Patients were administered regularly with multiple-doses of oral
CR oxycodone every 8 or 12 hours. Each patient was
administered with the appropriate dose of oral CR oxycodone
for their cancer pain. They received CR oxycodone alone (period
A) on the previous day of planned chemotherapy and CR
oxycodone with aprepitant (period B) on the day of chemotherapy.
On the morning of period B, aprepitant was taken orally at the
same time as CR oxycodone more than one hour prior to
chemotherapy. Patients were participated in this study during
blood sampling. Patients in hospital were given the dose of
anticancer agents according to standard treatment schedule for

Table 2. Dose of Oxycodone.

Number of Patients (n=20)

20 (100%)

7‘ (35%) B

4 (20%)

2 (10%)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; NSCLC, non-small cell lung cancer; CRC, colorectal cancer; CUP, cancer of unknown
primary.
doi:10.1371/journal.pone.0104215.t001

their tumor types and were allowed to receive an antiemetic
treatment with dexamethasone and a 5HT;5 receptor antagonist
where appropriate.

Outcome

The study objective was to investigate aprepitant might have the
potential to increase the plasma concentrations of oxycodone and
its metabolites via inhibition of CYP3A-mediated metabolism of
oxycodone. The primary endpoint was pharmacokinetics of
oxycodone and its metabolites with and without aprepitant
administration. Secondary endpoints were safety and adverse
event including nausea, vomiting, constipation, and somnolence.
Patient characteristics and medication information were recorded

Dose Frequency of administration

every 8 hours

every 8 hours

every 12 hours

doi:10.1371/journal.pone.0104215.t002

PLOS ONE | www.plosone.org

Daily dosage Number of patients

15 mg 2 (10%)

30 mg 3 (15%)

40 mg 1 (5%)
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Figure 2. Mean plasma concentration curves of oxycodone, noroxycodone, and oxymorphone in patients (n=6) who were
administered with 10 mg of CR oxycodone every 12 hours alone (period A, triangles) or with aprepitant (period B, squares). A

without aprepitant, B with aprepitant.
doi:10.1371/journal.pone.0104215.g002

throughout the study. Adverse events were evaluated using the
CTCAE v4.0.

Blood sampling

Blood samples for pharmacokinetic analysis were collected
immediately before and 1, 2, 3, 5, and 8 hour after administration
of oxycodone in periods A and B. An additional sample was
collected to allow for analysis of trough concentration before
administration of oxycodone in the morning on the following day
of period B. After blood was collected in lithium heparin-
containing tubes, plasma was separated within 30 min by
centrifugation at 1,500xg for 10 min at 4°C and stored at —
80°C until analysis. Plasma concentrations of oxycodone, norox-
ycodone, and oxymorphone were determined using a liquid
chromatography tandem mass spectrometric method. The lower
limit of quantification was 0.1 ng/ml.

PLOS ONE | www.plosone.org

Pharmacokinetic analysis

Pharmacokinetic variables of oxycodone, noroxycodone, and
oxymorphone were determined using the Pheoenix WinNonlin
pharmacokinetic program (Pharsight, Mountain View, California).
The Cmax and time to maximum concentration (T'max) were
observed directly from the data. The AUC with extrapolation to 8
hour (AUC_g) was calculated by the trapezoidal rule. The linear
trapezoidal rule was used for successive increasing concentration
values, and the logarithmic trapezoidal rule for decreasing
concentration values. Metabolite-to-parent drug AUC ratios
(AUCm/AUCpP) were calculated to compare the relative abun-
dance of each metabolite.

Statistical Analysis

This study was designed in order to exclude a clinically
significant higher exposure to oxycodone and its metabolites. The
null hypothesis was that coadministration of aprepitant would not

August 2014 | Volume 9 | Issue 8 | 104215
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Table 3. Pharmacokinetic parameter of oxycodone and its metabolites.

Oxycodone

Number of patients 20 20

(31.4%) 57.7%)

(321 /6) '

increase the plasma concentration of oxycodone to a clinically
meaningful degree, i.e., the ratio of the geometric mean AUC.,g
for oxycodone between period A and period B would be <1.33.
Package insert of oxycodone reports that the AUC of oxycodone
in steady state was 216.2%£97.4 nghr/ml [mean = standard
deviation, coefficient of variance (CV) was 45.1%] in patients with
cancer pain (n = 32). We estimated that 20 subjects were needed to
detect a 33% difference in the AUCq_,5 for oxycodone at a power
of 80% and level of significance p<<0.05 (two-sided). The
calculations used the sample size procedures in NCSS PASS 11
software. Data are expressed as the geometric mean * SD.
Statistical significance of logarithmic geometric means in AUC
and Cmax was analyzed using a paired Student’s t-test, with a
probability level of 0.05 used as the criterion of significance. Tmax

Noroxycodone

Oxymorphone

20 20 15%*

(35.7%) (45.2%) (78.0%)

(51.6%)

(29.§%j ‘ (‘65.8%')‘ '

(1.14-1.36) (1.20-1.49)

Abbreviations: Cmax, peak plasma concentration; Tmax, time to peak plasma concentration; AUC,_.g, area under the time-concentration curve from 0 to 8 hours; ratio,
the ratio of the geometric mean value of CR oxycodone with aprepitant to those without aprepitant.

Geometric mean (% coefficient variance).
Values were corrected for dose, assuming that all patients received 20 mg of oxycodone.
*Paired t-test for difference between logarithmic geometric means (two-sided).
**Five patients were excluded due to below lower limit of quantitation.
doi:10.1371/journal.pone.0104215.t003

was analyzed using a Wilcoxon signed-rank test. All statistical
analyses were performed with NCSS 2007 (NCSS, LLC.
Kaysville, UT).

Results

Patient population

Twenty one patients were assessed for eligibility and 20 patients
were allocated to intervention from September 2010 to December
2012 (Figure 1). Their characteristics are listed in Table 1. There
were 17 men and 3 women with Eastern Cooperative Oncology
Group performance status 1 to 2. The predominant tumor types
were pancreatic cancer and head and neck cancer, with all
patients having stage IV disease. Each patient was administered
regularly with the appropriate dose of oral CR oxycodone every 8

Table 4. Trough concentrations of oxycodone and its metabolites.

Oxycodone

Day 1 pre-dose 20 129

Day 2 pre-dose 20 122
Day 3 pre-dose 19 200

Ratio (D3 to D1) 19 1.57

Ratio (D3 to D2) 19 165

alone on day 2.
Geometric mean (% coefficient variance).

doi:10.1371/journal.pone.0104215.t004

PLOS ONE | www.plosone.org

Noroxycodone

20 1.28 14
20 1.23 14

19 0.97 17

Oxymorphone

Abbreviations: N, number of patients; Ratio (D3 to D1), the ratio of the geometric mean trough concentration of CR oxycodone plus aprepitant on day 3 to those of CR
oxycodone alone on day 1; Ratio (D3 to D2), the ratio of the geometric mean trough concentration of CR oxycodone plus aprepitant on day 3 to those of CR oxycodone

Values were corrected for dose, assuming that all patients received 20 mg of oxycodone.
*Paired t-test for difference between logarithmic geometric means (two-sided).
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CYP3A4

CYP2D6

Oxycodone

Figure 3. Metabolic pathway of Oxycodone.
doi:10.1371/journal.pone.0104215.g003

or 12 hours (Table 2). The median daily dosage of oxycodone was
20 mg (range, 10-60 mg) and the mean was 21.5 mg, with the
median for each dosage being 10 mg (range, 5-20 mg) and the
mean being 9.25 mg.

Oxycodone and its metabolites pharmacokinetics

All 20 patients were assessed for pharmacokinetics of oxycodone
and its metabolites with and without aprepitant administration. In
five patients who were administered with 5 mg of oral CR
oxycodone every 12 hours, the plasma oxymorphone concentra-
tion was below the limit of quantification. Table 3 and 4
summarize the pharmacokinetic parameters of oxycodone admin-
istered alone or with aprepitant. Figure 2 shows the geometric
mean plasma concentrations of oxycodone and its metabolites in
patients (n=6) who were administered with 10 mg of CR
oxycodone every 12 hours alone or with aprepitant. The ratio of
the geometric mean AUC(_g and Cmax of CR oxycodone plus
aprepitant [1,102 ng*hr/ml (CV 29.9%) and 2.79 ng/ml (CV
28.0%), respectively] to those of CR oxycodone alone [882 ng*hr/
ml (CV 35.7%) and 2.28 ng/ml (CV 31.4%), respectively] was
1.25 (95% CI 1.14, 1.36; GV 21.8%; p =0.00004) and 1.22 (95%
CI 1.11, 1.34; GV 20.6%; p =0.0002), respectively. The ratio of
the geometric mean AUC_g of noroxycodone and oxymorphone
with aprepitant [616 ng*hr/ml (CV 51.6%) and 20.7 ng*hr/ml
(CV 65.8%), respectively] to those without aprepitant [718 ng*hr/
ml (CV 45.2%) and 14.9 ng*hr/ml (CV 78.0%), respectively] was
0.86 (95% CI 0.81, 0.91; p=0.00005) and 1.34 (95% CI 1.20,
1.49; p=0.00004), respectively. The plasma concentrations of
oxycodone and its metabolites were affected significanty by
presence or absence of aprepitant.

The trough concentration of oxycodone and its metabolite on
day 1 were similar to those on day 2, because steady state was
reached. However, these trough concentrations with aprepitant on
day 3 were higher than those on day 1 and day 2. The ratio of the
geometric mean trough concentration of CR oxycodone plus
aprepitant on day 3 to those of CR oxycodone alone on day 2 was
1.65 in oxycodone (p=0.0001), 0.796 in noroxycodone
(p=10.00001), and 1.32 in oxymorphone (p = 0.02), respectively.

In this study and clinical practice, there was no increased
incidence in pharmacologic effect and side effects of oxycodone
due to concomitant use of aprepitant.

Discussion

The predominant metabolic pathway of oxycodone is CYP3A4-
mediated N-demethylation to noroxycodone, while a minor
proportion undergoes 3-O-demethylation to oxymorphone by
CYP2D6 (Figure 3). This study demonstrated that inhibition of
CYP3A4-mediated N-demethylation by aprepitant significantly

PLOS ONE | www.plosone.org
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Noroxycodone
(Inactive metabolite)

Oxymorphone
(Active metabolite)

——

increased the AUC of oxycodone by 25% and decreased the AUC
of noroxycodone by 14%, while subsequently increasing the AUC
of oxymorphone by 34% through alternating CYP2D6 pathway.
We estimated in advance that a clinical meaningful significant
level of interaction between oxycodone and aprepitant would be a
33% increase in the ratio of the geometric mean AUCq_,g under
conditions where the CV was 45.1%. Essentially, the impact of
aprepitant upon oxycodone was less than expected but the actual
CV in the AUC of oxycodone was 30 and 35% in this study.
Therefore, we consider that statistical significance was achieved as
a result. In this study and clinical practice, there would be no
increased incidence in pharmacologic effect and side effects of
oxycodone due to concomitant use of aprepitant. We consider that
a 25% increase (median 1.25; 95% CI 1.14, 1.36) in the ratio of
the geometric mean AUC_,g is a statistically significant effect, but
that, due to its less extent than expected, at this time there is no
need to change the CR oxycodone dose in clinical use of
aprepitant in cancer patients, with adequate attention. With
regard to oxymorphone which is an active metabolite, because
oxymorphone is a potent opioid that has a 4 to 6 times lower p-
opioid receptor affinity and lower concentration than oxycodone
[6] [14], an increase of oxymorphone would be unlikely to have a
significant impact on the clinical relevance. However, because the
recommended dose of aprepitant is 125-mg/80-mg regimen over
3 days, it is important to further investigate the possible effects of
the 125-mg/80-mg aprepitant regimen on the pharmacokinetics of
orally administered CR oxycodone in patients with cancer pain.

Aprepitant had no detectable inhibitory cffect on the pharma-
cokinetics of intravenously administered docetaxel or vinorelbine
[10] [11] but resulted in increased plasma concentration of orally
administered dexamethasone or CR. oxycodone [9]. It is expected
that an orally-coadministered drug is affected to a greater extent
by an inhibitory effect of intestinal CYP3A4 than intravenously-
administered drug due to the higher intestinal concentration of
aprepitant as compared to the plasma concentration. Therefore,
we consider that this result for CR oxycodone may not be
applicable to intravenously administered oxycodone. In this study,
our patients received individual dose and schedule of CR
oxycodone and combined with various anti-cancer agents
according to standard treatment for their tumor types. Addition-
ally, we didn’t conducted placebo-controlled trial, because the
primary endpoint in this study is not pharmacodynamics of
oxycodone and its metabolites but pharmacokinetics. These are
limitations of study, because this study was conducted in subjects
whom continued to be administered CR oxycodone routinely for
cancer pain. Further study to validate effects of aprepitant on the
pharmacokinetics and pharmacodynamics of controlled-release
oral oxycodone pharmacokinetic is expected.
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The trough concentration of oxycodone and its metabolite on
day 1 pre-dose were similar to those on day 2 pre-dose, despite
these trough concentrations with aprepitant on day 3 were higher
than those on dayl and day 2. This indicated that the trough
concentrations of CR oxycodone alone at steady state were not
observed inter-day variability (Table 4). Meanwhile, the ratio of
the geometric mean AUCq g and trough concentration of CR
oxycodone plus aprepitant to those of CR oxycodone alone was
1.25 (range 0.98-1.96) and 1.65 (range 0.54-3.41), respectively,
with wide inter-patient variability observed (Figures S1 and S2). A
pharmacogenomics study showed that a CYP2D6 genotype had
an impact on plasma concentrations of oxycodone and oxymor-
phone, and the metabolism of oxycodone [15]. First, we are now
planning a further pharmacogenomics study. Secondly, we will
analyze plasma concentrations of aprepitant and investigate the
possible influence of aprepitant concentrations on the pharmaco-
kinetics of orally administered CR oxycodone.

In conclusion, aprepitant increased the exposure of oxycodone
by 25% due to inhibiting its CYP3A4-mediated N-demethylation.
The clinical use of aprepitant in patients receiving multiple doses
of CR oxycodone for cancer pain significantly altered plasma
concentration levels, but would not appear to need modification of
the CR oxycodone dose in clinical co-administration of aprepitant
in cancer patients, with adequate attention.

Supporting Information

Figure S1 Individual value plot of AUCgo3 of (A)
oxycodone (n=20), (B) noroxycodone (n=20), and (C)
oxymorphone (n=15) in patients who were adminis-
tered with CR oxycodone alone or with aprepitant. Dose
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TYRO3 as a Potential Therapeutic Target in Breast Cancer
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Abstract. Aim: We evaluated the potential of TYRO3 as a
therapeutic target in various types of breast cancer cell lines.
Materials and Methods: The effects of TYRO3-knockdown by
small interfering RNA (siRNA) on proliferation, cell-cycle
distribution, and cell signaling in four estrogen receptor
(ER)-positive/ HER2-non-amplified (luminal-type), two ER-
negative/HER2-amplified (HER2-type), and two ER-
negative/ HER2-non-amplified (triple negative [TN]-type) cell
lines were compared. Results: Whereas TYRO3 knockdown
induced the greatest proliferation suppression in luminal-
type cells, and to a lesser extent in HER2-type cells, no
proliferation inhibition was observed in TN-type cells. The
TYRO3 siRNA-induced proliferation inhibition in luminal-
type cells was observed in both estradiol (E2)-rich and -null
conditions. The proliferation suppression was correlated with
GO0-G1/§ cell-cycle arrest. Western blot analysis showed a
decrease in phosphorylation of ERK1/2 or STAT3, and in
cyclin D1 only in cell lines sensitive to TYRO3-knockdown.
Conclusion: TYRO3 is a potential therapeutic target in
breast cancer, particularly in luminal-type cells.

With 1.6 million new cases annually, breast cancer is ranked
as the primary cause of cancer-related deaths among women
worldwide (5). The most challenging issue in breast cancer
treatment remains metastasis, because the vast majority of
these cases are incurable. Treatment outcomes resulting from
endocrine therapy and/or chemotherapy are not satisfactory (8,
10); therefore, development of novel treatments is needed.
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of Medical Oncology/Hematology, Kobe University Hospital, 7-5-2
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Key Words: Breast cancer, TYRO3, siRNA, targeted therapy,
luminal-type.
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For the last decade, molecularly-targeted agents,
particularly those against receptor tyrosine kinases (RTKs),
have been applied in the treatment of advanced solid tumors.
In breast cancer, lapatinib or trastuzumab, which target gene-
amplified HER2 (13, 15), have contributed to the improved
treatment options for HER2-positive breast cancer as single
agents or in combination with cytotoxic agents. Despite the
positive outcomes induced by HER2-targeted therapies, the
therapeutic potential of many other RTKs is poorly
understood.

In our previous study, we showed that a novel RTK,
TYROS3, regulates the proliferation of MCF-7 breast cancer
cells through controlling cyclin D1 expression (3). TYRO3
belongs to the TAM (TYRO3, AXL, and MER) receptor
family, which shares the same ligand, growth arrest-specific
6 (GAS6). Binding of GASG6 to these subfamily members is
known to control cell proliferation and survival through the
PI3K/AKT/mTOR or RAF/MEK/ERK1/2 pathways (7, 11).

Among the TAM subfamily members, AXL is the one
most closely studied regarding its relevance to malignant
tumors. In fact, in breast cancer, AXL has been reported to
be one of the most frequently overexpressed RTKs and to
have prognostic potential (6). However, few studies have
reported involvement of TYRO3 in tumorigenicity, and even
less its potential as a new therapeutic target. Therefore, in
the present study, we explored the therapeutic roles of
TYRO3 in breast cancer using a panel of eight breast cancer
cell lines.

Materials and Methods

Cell culture. Four estrogen receptor (ER)-positive/HER2-non-
amplified (luminal-type; CAMA-1, T47D, MCF-7, and HCC-1428),
two ER-negative/HER2-amplified (HER2-type; HCC-1419 and
HCC-1954), and two ER-negative/HER2-non-amplified (triple-
negative [TN]-type; MDA-MB-231 and HCC-1143) breast cancer
cell lines were purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA). The cells were maintained
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in RPMI 1640 (Cellgro; Mediatech, Inc., Herdon, CA, USA)
supplemented with 10% FBS (Gemini-Bio-Products, Inc.,
Woodland, CA, USA), 100 U/mL penicillin, 100 units/mL
streptomycin, and 2 mM glutamine. Estradiol (E2) was not
supplemented in the maintenance media. All cells were cultured at
37°C in a humidified atmosphere with 5 % CO, and were in
logarithmic growth phase upon initiation of experiments.

TYRO3 small interfering RNA (siRNA) transfection. TYRO3
knockdown was performed using TYRO3 siRNA purchased from
Invitrogen (Carlsbad, CA, USA). Optimal conditions for the gene
knockdown were determined by multiple pilot experiments before
transfection in accordance with the manufacturer’s instructions, as
previously reported (3). The sequences AACAAGUUUGGCCACG
UGUGGAUGG (TYRO3 siRNAOI) and AUCACUUCUUCCC
ACUCCAAGAUGA (TYRO3 siRNA02) were selected for efficient
knockdown. To minimize the risk of off-target effects in our siRNA
analysis, the stealth RNAi negative-control low GC duplex
(Invitrogen) was used in each knockdown experiment.

Cell proliferation assay. MTS assay kits were purchased from
Promega (Madison, WI, USA). This kit determines the number of
viable cells by a colorimetric method based on the bioreduction of
3-(4.,5-dimethylthiazol-2y1)-5-(3-carboxyme-thowyphenyl)-2-(4-
sulfophenyl)-2H- tetrazolium (MTS) to a soluble formazan product
detected spectrophotometrically at a wavelength of 490 nm. After
24 h of TYRO3 siRNA incubation, cells diluted in 10% FBS
containing maintenance media without any antibiotics (160 pL/well)
were plated in 96-well flat-bottom plates (day 0) (Corning, Inc.,
Corning, NY, USA) and a series of MTS analyses were performed
from day 0 to 4 at 37°C in 5 % CO,. The number of cells required
to obtain an OD of 1.3-2.2, the linear range of the assay, was
determined in a preparatory experiment (data not shown); 2,000
cells/well for CAMA-1, T47D, MCF-7, HCC-1428, HCC-1419, and
HCC-1954, and 1,500 cells/well for MDA-MB-231 and HCC-1143.
Each experiment was repeated at least three times. Analyses of the
effect of 17B-E2 (Sigma-Aldrich, St. Louis, MO, USA) were
conducted using phenol-free RPMI medium (Cellgro) without
antibjotics, supplemented with 10 % charcoal-stripped FBS
(Invitrogen). After 24 h of TYRO3 siRNA transfection, cells were
seeded in 96-well flat-bottom plates, and 10 nM of E2 with and
without 1 uM of fulvestrant (Sigma-Aldrich) were added and
incubated for 72 h at 37°C in 5% CO, prior to MTS experiments.

Cell-cycle analysis. Cell-cycle analyses were performed as
previously described (9). Briefly, 72 h after siRNA transfection,
cells were trypsinized and cell-cycle distribution was assessed using
a CycleTEST PLUS DNA Reagent Kit (Becton Dickinson [BD]
Biosciences, Franklin Lakes, NJ, USA) in accordance with the
manufacturer’s instructions. Cells were analyzed by FACS Calibur
flow cytometry (BD Biosciences) using CellQuest Pro (BD
Biosciences) software and ModFit LTTM cell-cycle test software
(Verity Software House Inc., Topsham, ME, USA). All experiments
were repeated in triplicate.

Protein extraction and western blotting. Cells were washed once with
ice-cold phosphate buffered saline and scraped immediately after
adding lysis buffer (20 mM tris [pH 7.5], 150 mM sodium chloride, 2
mM EDTA, 10 % glycerol, 1 % NP40) containing protease and
phosphatase inhibitors (100 mM NaF, 1 mM phenylmethylsulfonyl
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fluoride, 1 mM Na3VOy, 2 pg/mL aprotinin, 5 pg/mL leupeptin). Cell
lysates were centrifuged at 14,000 x g for 10 min at 4°C to pellet-
insoluble material, and the supernatant was collected as protein extract.
Protein extract samples were separated using electrophoresis on 7.6 %
SDS gels and transferred to polyvinylidene fluoride membranes, which
were subsequently probed with primary antibodies. Phospho-AKT
(Serd73), AKT, phospho-STAT3 (Tyr705) (D3A7), STAT3, TYRO3,
and cyclin D1 (DCS6) were purchased from Cell Signaling
Technology (Beverly, MA, USA). Phospho-ERK1/2 (pTpY185/187)
and ERKI1/2 (Invitrogen), anti-phosphoserine/threonine/tyrosine
(Abcam, Cambridge, MA, USA), and f-actin (Sigma-Aldrich) were
also purchased. Each targeted protein was detected using Amersham
ECL plus Western Blotting Detection Reagents (GE Healthcare,
Buckinghamshire, UK). The results are representative of at least two
repeated experiments.

Immunoprecipitation. Protein A Dynabeads were purchased from
Invitrogen. Following the manufacturer’s instructions, 1,500 pg of
protein extracts prepared as described previously were mixed with a
TYRO3 antibody for 24 h at 4°C with rotation. The beads were
washed three times in ice-cold washing buffer and mixed with the
sample for 1 h at 4°C with rotation. After three washing cycles, the
proteins were diluted in ice-cold elution buffer and LDS sample
buffer and heated. The immunoprecipitation product was separated
with SDS gels and subjected to western blotting, as described above.

Results

Effect of TYRO3 to proliferation of breast cancer cell lines.
To determine the involvement of TYRO3 in the cell
proliferation mechanism of breast cancer, we analyzed the
effect of TYRO3 gene silencing on eight breast cancer cell
lines (four luminal-type, two HER2-type, and two TN-type).
Treatment with TYRO3 siRNA resulted in the most
prominent proliferation inhibition in the tested luminal-type
cell lines (Figure 1A), particularly in MCF-7, T47D, and
CAMA-1. When we treated the HER2-type cell lines, a
significant but less extensive proliferation inhibition than in
luminal-type cells was observed (Figure 1B). In contrast,
TYRO3 siRNA knockdown induced virtually no proliferation
inhibition in TN-type cell lines (Figure 1C).

To further test if the TYRO3 siRNA-induced proliferation
inhibition was TYRO3-specific, T47D cells were transfected
with different concentrations of two TYRO3 siRNA duplexes.
After 72 h, gradual inhibition of TYRO3 protein expression
was obtained in a siRNA concentration-dependent manner
(Figure 2). The degree of proliferation inhibition (Figure 2)
was in paralle] with that of TYRO3-knockdown. This finding
supports that TYRO3 siRNA-induced proliferation inhibition
was mediated by TYRO3 protein down-regulation.

Effect of TYRO3 knockdown on cell-cycle distribution. Since
the results from the proliferation assays showed a clear
impact of TYRO3 siRNA transfection by day 3 (Figure 1A
and B), we decided to use 72 h as a time point to analyze the
cell-cycle distribution of the siRNA-transfected cells. After
exposure to TYRO3 siRNA for 72 h, an increase in the G;-G,



