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Abstract: The primary malignant tumors of external auditory canal

(EAC) are rare. The purpose of this study is to compare the imaging

features of growth and recurrence pattern between 2 most common

carcinomas namely squamous cell carcinoma (SCC) and adenocarcinoma

of the EAC.

This is a retrospective study involving 41 patients with primary EAC

carcinomas of which 22 are SCC and 19 are adenocarcinoma. They were

all scanned with high resolution computer tomography (HRCT) and

magnetic resonance imaging. Follow-up clinical and imaging studies

have also been collected and compared with a median follow-up time of

43 months (range 5–192 months). Necrosis was presented as hypodensity

on computed tomography images, hyper-intense on T2WI and hetero-

geneous enhancement.

Eighteen patients were diagnosed to be in T1 and T2 stage, it was

found that SCC involved both the cartilaginous part and the bony part

of the EAC (11/12), whereas adenocarcinoma involved only the

cartilaginous part (6/6) (P< 0.01). Twenty-three patients were diag-

nosed to be in T3 and T4 stage showed bony involvement and

adjacent tissue involvement for both SCC and adenocarcinoma.

Parapharyngeal space involvement is much more common in recur-

rent SCC (P¼ 0.02). Lymph node metastasis was seen in 6 out of 22

patients with SCC, while 5 out of 19 patients of adenocarcinoma had

lung metastasis, even at early stage (1/6; 1/5). Necrosis is more likely

to occur in the patients with SCC (9/10) than that of adenocarcinoma

(3/13) (P¼ 0.02).

SCC and adenocarcinoma is seen to have different growth pattern

at early stage but share similar patterns in the advanced stage. Lymph

node metastasis is commonly seen in patients with SCC while
g, MD, Yan Cheng Noel, MD,
nd Wen Shen, MD

Abbreviations: EAC = external auditory canal, HRCT = high

resolution computer tomography, LCR = local complete resection,

LECR = local external canal resection, LNR = lymph node

resection, LTBR = lateral temporal bone resection, MRI = magnetic

resonance imaging, PPGR = partial parotid gland and soft tissue

resection, SCC = squamous cell carcinoma, TMJ = temporal

mandible joint.

INTRODUCTION

P rimary malignant tumors of the external auditory canal
(EAC) are rare and the incidence is <1 per million per

year.1,2 Squamous cell carcinoma (SCC) is the most common
primary malignant tumor and it accounts for 80% of tumors of
EAC.3,4 Cystic adenocarcinoma is the second most common
tumor which accounts for only 5%.2,3,5–11 Due to the rarity of
these 2 entities, there are only a few studies comparing their
differences in growth and recurrence pattern.8,12,13

The staging of malignant tumors of the EAC remains
controversial.1 In 1990, Arriaga et al5 proposed a staging system
based on computed tomography (CT) and pathology. This was
followed by the addition of only minor revisions by Moody
et al3 in 2000. Although surgical methods, selection of radio-
therapy or chemotherapy are related to prognosis,9,14,15 studies
have also shown that tumor extent, erosion of bone, and brain
involvement to be directly related to survival rate.8,12,13,16–20 In
comparison to SCC of EAC, adenocarcinoma has a higher risk
of recurrence and distant metastasis. Dong et al21 reported that 7
patients with adenocarcinoma of EAC had pulmonary metas-
tasis, 6 of them eventually succumbed to the disease. The
prognosis of adenocarcinoma is related with the age of onset,
duration of symptoms, perineural spread, and soft tissue invol-
vement. Hence, early detection is an important prognostic factor
in the treatment of malignant tumors of the EAC.

The symptoms of EAC tumors are often insidious and can
be clinically misdiagnosed.22 Although otoscopy could easily
visualize the lesion, imaging examination is necessary to map
the tumor extent. A review of the literature revealed only a few
papers on the imaging appearances of the tumors of EAC.23–25

It is also not clear if there are any differences in the imaging
appearances of SCC and adenocarcinoma. Our hospital is a
large tertiary health center for treating the patients with tumors
of ear nose and throat and also our study collected some
subtypes of adenocarcinoma (adenoid cystic carcinoma, ceru-
minous adenocarcinoma, and apocrine adenocarcinoma). So we
collected almost the equally number of cases of SCC and
ypothesize that there are differences in
rent behavior of these 2 types of malig-

this paper is to show the differences
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TABLE 1. Clinical Characteristics of 41 Malignant Tumors of External Auditory Canal

Case Sex/Age Stage Operation Pathology
Recurrent

Lesion
Time of

Recurrence Outcome
Follow-Up,

months

1 M/48 T4 LTBR SCC Extensive basal
cranial bone

2 Death (7) 7

2 F/56 T2 LTBR SCC None None Good 54
3 F/64 T4 LTBR PPGR SCC Extensive basal

cranial bone
5 Death (7) 5

4 M/85 T4 Biopsy SCC None None Otalgia,
oto-hemorrhage

42

5 M/79 T2 LTBR SCC None None Good 14
6 M/74 T4 LTBR PPGR SCC None None Death (12),

unknown cause
12

7 F/58 T1 LTBR SCC None None Good 65
8 M/53 T4 LTBR SCC Lymph node

mets
47 Good 47

9 M/76 T4 LTBR SCC None None Good 7
10 F/79 T2 LTBR SCC None None Good 44
11 M/47 T2N LTBR LNR SCC None None Good 107
12 M/55 T2N LTBR LNR SCC None None Death, cerebral

hemo (60)
60

13 F/44 T1N LTBR PPGR
LNR

SCC None None Good 57

14 F/32 T1 LECR SCC None None Good 42
15 M/56 T2 LTBR SCC Extensive basal

cranial bone
36 Death (44) 44

16 M/41 T2 LTBR SCC None None Good 17
17 F/58 T4 LTBR PPGR SCC Lymph node

mets
3 Death (18) 18

18 F/53 T2 LTBR SCC Extensive basal
cranial bone

13 Headache 20

19 M/47 T2 LTBR SCC None None Headache, otorrhea 8
20 F/54 T2 LTBR SCC None None Good 40
21 M/50 T3 LTBR SCC None None Good 152
22 M/64 T1 LECR SCC Local basal

cranial bone
39 Headache 52

23 F/69 T4 LTBR PPGR Adenoid cystic
carcinoma

None None Otalgia 53

24 F/46 T4 LTBR PPGR Adenoid cystic
carcinoma

None None Good 60

25 F/55 T2M Biopsy Adenoid cystic
carcinoma

Extensive basal
cranial bone,
lung mets

28 Death (28) 28

26 M/63 T4 LTBR PPGR Adenoid cystic
carcinoma

Extensive basal
cranial bone,
lung mets

26 Death (26) 68

27 F/52 T4 LTBR Adenoid cystic
carcinoma

Extensive basal
cranial bone,
lung mets

24 Death (24) 24

28 M/63 T4 LTBR Adenoid cystic
carcinoma

Extensive basal
cranial bone,
lung mets

12 Death (12) 12

29 M/54 T4 LTBR Apocrine
adenocarcinoma

None None Death from
brain hemo (5)

5

30 F/55 T3 LTBR Ceruminous
adenocarcinoma

None None Good 52

31 M/55 T2 LTBR Adenoid cystic
carcinoma

None None Good 56

32 M/84 T4 LTBR PPGR Adenoid cystic
carcinoma

Extensive basal
cranial bone,
lung mets

43 Death (51) 51
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Case Sex/Age Stage Operation Pathology
Recurrent

Lesion
Time of

Recurrence Outcome
Follow-Up,

months

33 F/74 T4 LTBR PPGR Adenoid cystic
carcinoma

Local recurrence 26 Facial palsy 31

34 F/60 T2 LTBR Adenoid cystic
carcinoma

None None Otorrhea 40

35 F/65 T1 LCR Adenoid cystic
carcinoma

None None Good 12

36 F/52 T4 LTBR PPGR Adenoid cystic
carcinoma

None None Good 17

37 F/41 T4 LTBR PPGR Adenoid cystic
carcinoma

None None Good 9

38 F/70 T1 LCR Adenoid cystic
carcinoma

None None Good 36

39 F/24 T1 LCR Adenoid cystic
carcinoma

None None Good 87

40 F/43 T2 LTBR Adenoid cystic
carcinoma

None None Good 192

41 F/57 T4 LTBR Adenoid cystic
carcinoma

None None Hearing loss 30

l ex
nd a
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between SCC and adenocarcinoma of EAC in terms of their
invasive and recurrent behavior as seen on high resolution
computer tomography (HRCT) and magnetic resonance ima-
ging (MRI).

MATERIALS AND METHODS

Patients
A total of 47 patients with pathologically confirmed malig-

nant tumors of EAC from January 1998 to April 2014 in our
hospital are retrospectively reviewed. Six cases were excluded
from our study because 4 are rare tumors of the EAC (1 case of
Rhabdomyo-sarcoma, 1 case of malignant melanoma, 1 case of
metastatic low differentiated carcinoma, and 1 case of leukemia
cell invasion) and 2 cases were lost to follow-up. Cases treated by
radiotherapy before operation was not included in the study. This
study is approved by our local Institutional Review Board of
Tianjin First Center Hospital. A letter of patient consent to take
part in the research was appended in the record.

Axial and coronal HRCT along with plain and contrast
MRI data before operation or biopsy is available for all patients

hemo¼ hemorrhage; LCR¼ local complete resection; LECR¼ loca
temporal bone resection; mets¼metastasis; PPGR¼ partial parotid gla
(except for 2 cases when only CT was done in 1998 and 2001).
The patients’ age, sex, main symptoms and signs along with
duration, the operation methods, and the location of lesions are

TABLE 2. Comparison of Clinical Symptoms Between SCC and A

Sex,
M/F

Age,
Mean�SD

Stage,
1/2/3/4

Otorrhea,
þ/�

O

SCC (n¼ 22) 13/9 58.1� 13.4 3/9/0/10 19/3
Adenocarcinoma

(n¼ 19)
5/14 56.9� 13.4 3/3/1/12 5/14

P value 0.035 0.785 0.071 0.000 0

EAC ¼ external auditory canal; SCC ¼ squamous cell carcinoma; SD ¼

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
summarized in Table 1. Thirty-nine patients underwent oper-
ation in our hospital. Surgical planning was heavily influenced
by CT and MRI appearances. Two patients had biopsy and no
operation was performed. Initial T staging (listed in Table 1) is
based on imaging, operation, and pathology (University of
Pittsburgh tumor, nodes, metastasis staging system).5 Lesions
limited to the EAC without and with limited bone erosion are
staged T1 and T2. Tumors eroding the osseous EAC (full
thickness) with limited (<0.5 cm) soft tissue involvement, or
tumors involving the middle ear and/or mastoid are staged T3.
Tumors with extensive bone and soft tissue involvement, such as
cochlea, petrous apex, medial wall of the middle ear, carotid
canal, jugular foramen, or dura are considered T4. Local
complete resection (LCR) indicates that total tumor was
resected but keeping the wall of EAC for tumor of stage1.
Local external canal resection (LECR) indicates that total tumor
was resected and combined with local involved EAC. Lateral
temporal bone resection (LTBR) indicates that total tumor was
resected and combined with lateral part of temporal bone.
Partial parotid gland and soft tissue resection (PPGR) was
performed if these tissue were involved. The detailed operation

ternal canal resection; LNR¼ lymph node resection; LTBR¼ lateral
nd soft tissue resection; SCC ¼ squamous cell carcinoma.
method for each case was summarized in Table 1. The patients
with T3 and T4 adenocarcinoma accepted radiotherapy in other
hospital and the detailed dose is unavailable.

denocarcinoma of EAC

talgia,
þ/�

Mass,
þ/�

Hearing
Loss, þ/�

Duration of
Symptom, Median
Months (Range)

Location,
Left/Right

5/17 4/18 11/11 11 (0.5–480) 10/12
11/8 12/7 5/14 18 (0–120) 11/8

.021 0.003 0.121 0.869 0.536

standard deviation.

www.md-journal.com | 3



FIGURE 1. A 79-year-old man (case 5, SCC, stage 2) with complaints of otorrhea and otalgia for 12 months. HRCT and MRI were done
(A–C). Axial HRCT revealed a soft tissue mass and stenosis of right EAC and (A). The lesion is iso-intense on T1WI (B) and hyper-intense on
fat suppression T2WI (C). The lesion reaches the bony part of the EAC and involves the inferior wall of the EAC. A 65-year-old woman (case
35, cystic adenocarcinoma, stage 1) with complaints of otalgia and mass in her right ear for 1 month. HRCT and MRI were done (D–F).
Axial HRCT (D) shows a focal mass locating at cartilage part of the EAC without bone changes. The lesion shows homogeneous signal

na

Xia et al Medicine � Volume 94, Number 35, September 2015
The patients underwent regular follow-up until April 2014.
Follow-up was done every year and general clinical symptoms
and physical examinations were recorded. If the patients had
symptoms at the time of follow-up, CT was performed. Patients
with suspected recurrence on CT were usually further investi-
gated with MRI. Median follow-up was 43 months (range,

intensity on both T1WI (E) and T2WI (F). EAC¼ external auditory ca
resonance imaging; SCC ¼ squamous cell carcinoma.
5–192 months).
Finally, 41 cases were included in our study. There were

22 cases of SCC and 19 cases of adenocarcinoma (17 cases of

4 | www.md-journal.com
adenoid cystic carcinoma, 1 case of ceruminous adenocarci-
noma, and 1 case of apocrine adenocarcinoma). Among the
22 cases of SCC, 13 were males and 9 were females with mean
age of 58.1 years (range, 32–85 years). Among the 19 cases
of adenocarcinoma, 5 were males and 14 were females.
The mean age at the time of diagnosis was 56.9 years (range,

l; HRCT¼ high resolution computer tomography; MRI¼magnetic
24–84 years). Ten cases of SCC involved the left EAC and
12 cases the right ear. Eleven cases of adenocarcinoma were
located in the left EAC and 8 in the right (Table 2).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Comparison of Bone and Soft Tissue Involvement
Between SCC and Adenocarcinoma of EAC on Both CT and
MRI

Involvement Structure SCC Adenocarcinoma P Value

Anterior wall of EAC, þ/�� 15/4 14/2 0.666
Posterior wall of EAC, þ/�� 17/2 15/1 1.000
Superior wall of EAC, þ/�� 12/7 9/7 0.739
Inferior wall of EAC, þ/�� 12/7 12/4 0.493
Middle ear, þ/��� 9/1 7/6 0.089
Mastoid, þ/��� 7/3 7/6 0.669
Jugular fossa, þ/��� 1/9 0/13 0.435
Carotid canal, þ/��� 3/7 0/13 0.068
Squamous bone, þ/��� 1/9 4/9 0.339
Petrous bone, þ/��� 4/6 1/12 0.127
TMJ, þ/��� 6/4 5/8 0.414
Posterior cranial fossa, þ/��� 1/9 0/13 0.435
Middle cranial fossa, þ/��� 5/5 5/8 0.685
Subcutaneous skin, þ/��� 7/3 11/2 0.618
Dura, þ/��� 5/5 5/8 0.685
Parotid gland, þ/��� 6/4 10/3 0.650
Parapharyngeal space, þ/��� 4/6 1/12 0.127

CT¼ computed tomography; EAC¼ external auditory canal; MRI¼
magnetic resonance imaging; SCC¼ squamous cell carcinoma; TMJ¼
temporal mandible joint.�

All 35 cases were included in the list (including tumors with T2, T3,
and T4).

Medicine � Volume 94, Number 35, September 2015
HRCT and MRI Parameters
Axial HRCT performed (LightSpeed 16, GE Healthcare,

Milwaukee, WI) with 120 kV and 140 mA, and the thickness
0.625 mm and 0 mm interval with bone algorithm. The scan range
covers the mastoid apex and the skull base. Coronal images are
reconstructed to check the superior and inferior walls of EAC.

MRI performed on 1.5T system (Eclipse, Marconi Medical
Systems, Cleveland, OH) in 16 cases, and on 3T system (Trio
Tim, Siemens AG, Erlangen, Germany) in 25 cases. The
thickness is 3 mm and internal 0 mm. The coverage includes
cranial base, brain, and neck to evaluate the area of the lesion.
Axial and coronal spin-echo T1WI is acquired with the follow-
ing parameters: TR 400 msec, TE 10 msec, matrix 256 � 256.
Gradient echo T1WI is also employed to check the relationship
between the lesion and adjacent vessels (TR 30 msec, TE 5.0
msec, matrix 256� 256). Coronal and axial fat spin echo T2WI
has been acquired with following parameters: TR 5307 msec,
900 msec, matrix 512 � 512, and thickness 3 mm.

Contrast MR scanning performed with intravenous injec-
tion of 0.1 mmol/kg contrast medium (Magnevist, Schering,
Berlin, Germany) per kilogram of body weight in 35 patients.

Imaging Interpretation
Bone destruction and soft tissue involvement and necrosis

were evaluated independently by 2 experienced neuro-radiol-
ogists (10 and 16 years) who were unaware of the pathological
results. In the case of disagreement, consensus to a more
experienced neuro-radiologist (with an experience of 16 years)

��
Only cases of T3 and T4 were listed.
was reached and recorded. Location of bone destruction on CT
included: anterior and posterior wall, superior and inferior wall,
tempo-mandible joint (TMJ), squamous part of temporal bone,

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
petrous and cranial basal bone, middle ear, mastoid, jugular
fossa, and carotid canal. MRI evaluates the soft tissue involve-
ment, including the middle ear, subcutaneous area, TMJ, parotid
gland, dura, and parapharyngeal space. Necrosis was presented
as hypodensity on CT images, hyper-intense on T2WI, and
heterogeneous enhancement.

Statistical Analysis
Image interpretations for inter-rater agreement were ana-

lyzed using kappa test. The differences in clinical and imaging
characteristics were analyzed using independent Student t test.
Fisher’s exact test and Spearman Chi-squared test were used to
compare clinical symptoms, growth and recurrent behavior and
outcome between SCC and adenocarcinoma. A P value <0.05
were considered as statistically significant.

RESULTS

Clinical Data
No statistical difference was found between evaluations of

location of bone destruction and soft tissue involvement by 2
independent radiologists (P> 0.05). The kappa value was 0.809
(P< 0.001). There is significant difference between gender for
patients with SCC and adenocarcinoma (P¼ 0.04). Adenocarci-
noma is much more commonly seen in females. No significant
differences in age is noted at the initial time of diagnosis, along
with the location of the tumor and duration of symptoms between
SCC and adenocarcinoma (P¼ 0.79, 0.54, and 0.87, respect-
ively). Patients presenting with otalgia and a mass is much more
commonly seen in patients with adenocarcinoma (P¼ 0.02 and
0.01). However, SCC has significantly higher frequency of
otorrhea compared with adenocarcinoma (19/3 vs 5/14,
P< 0.01). Hearing loss is also associated with otorrhea and
otalgia in both kinds of tumors (P¼ 0.12; Table 2). The medium
duration of clinical symptoms is 42 months (range, 5–152
months) and 36 months (range, 5–192 months) for SCC and
adenocarcinoma, respectively, which is statistically not signifi-
cant (P¼ 0.80; Table 2). At the time of initial diagnosis, no
differences are seen between the 2 types of tumors based on their
tumor staging (P¼ 0.07).

CT and MRI Findings of SCC and Correlation
With T Stage

In 18 patients (with T1 and T2 tumors), the lesions are
confined to the EAC with or without EAC wall erosion. SCC
tends to involve both the cartilaginous and bony part of EAC
(11/12) while in adenocarcinoma only the cartilaginous part is
involved (6/6) (P< 0.01; Figure 1). No statistical differences is
seen in the EAC wall involvement for SCC and adenocarcinoma
(P¼ 0.57 for anterior wall of EAC, P¼ 0.56 for posterior wall
of EAC, P¼ 0.56 for superior wall of EAC, and P¼ 0.56 for
inferior wall of EAC). Both SCC and adenocarcinoma show
isointensity on T1WI, slight hyper-intensity on T2WI
(Figure 1), and homogenous contrast enhancement.

In 23 patients (T3 and T4 tumors), the wall of EAC is the
most commonly involved structure. Wall of the EAC destruc-
tion shows no difference between SCC and adenocarcinoma
(P¼ 0.46 for anterior wall of EAC, P¼ 0.54 for posterior wall
of EAC, P¼ 0.47 for superior wall of EAC, and P¼ 0.61 for
inferior wall of EAC). No statistical differences of the involved

Radiological Findings Malignant Tumors External Auditory Canal
bone structure and soft tissue were found between 2 kinds of
tumors (Table 3). The growth pattern in the advanced stage is
similar for both tumors.

www.md-journal.com | 5



FIGURE 2. A 48-year-old man (case 1, SCC, stage 4) with complaints of otalgia and otorrhea of left ear for 1 month which worsened over
last 5 days before presentation. Axial HRCT and MRI were done. He died 7 months later due to the recurrence. A large soft tissue mass is
seen in the left EAC combined with anterior and posterior wall destruction (A). The lesion extensively involves the parapharyngeal space,
subcutaneous area, encasing the sigmoid sinus, jugular fossa, and carotid artery without clear margin (B, C). Dura is also involved on
contrast-enhanced MRI and the lesion shows heterogeneous enhancement (D). Lateral temporal bone resection was performed and
pathologically confirmed to be SCC. Six months later, the patient complained of severe otalgia, fever and palsy of the cranial nerve III, IV, V

e de
(F).
ous

Xia et al Medicine � Volume 94, Number 35, September 2015
The lesions in the T3 and T4 stages extensively involved
the temporal subcutaneous area without any clear demar-

IX, X, and XI. HRCT (E) shows extensive moth-eaten pattern of bon
and carotid canal. Necrosis is noted on contrast enhancement MRI
tomography; MRI ¼ magnetic resonance imaging; SCC ¼ squam
cation. Most of the lesions appeared iso-intense on
T1WI and heterogeneously hyper-intense on T2WI for SCC
and adenocarcinoma. Heterogeneous enhancement (due to

6 | www.md-journal.com
necrosis) is seen in 9 of 10 cases of SCC and 3 of 13 cases
of adenocarcinoma. Significant differences is seen on the

struction including petrous bone, occipital clivus, sphenoid body,
EAC ¼ external auditory canal; HRCT ¼ high resolution computer
cell carcinoma.
contrast behavior pattern (homogenous and heterogeneous
enhancement) between 2 kinds of tumors (P¼ 0.02;
Figures 2 and 3).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 3. A 55-year-old female (case 25, cystic adenocarcinoma, stage 2) with complaints of mass in the left EAC for half a year with
hearing loss for 4 months. HRCTand MRI are done. Axial HRCTreveals a soft tissue mass in the left EAC (A) with irregular destruction of the
anterior and posterior wall of EAC. The lesion is iso-intense and locates in the left EAC as seen on T2WI (B). Multiple nodular metastases are
seen on the lung CT (C). Operation was not done and only traditional medicine was given. Extensive metastases to the lungs (D) and
temporal bone destruction are detected on the 28th month of follow-up (E). The patient died from lung metastases and local recurrence

l a

Medicine � Volume 94, Number 35, September 2015 Radiological Findings Malignant Tumors External Auditory Canal
Comparison of Involved Structures in Local
Recurrence and Clinical Outcome Between
Patients With SCC and Adenocarcinoma

28 months later. CT ¼ computed tomography; EAC ¼ externa
MRI ¼ magnetic resonance imaging.
Local recurrence is seen in 7 patients with SCC (2 at stage
2 and 5 at stage 4) and 6 patients with adenocarcinoma (all at
stage 4). Local recurrence in both SCC and adenocarcinoma is

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
extensive (Table 4). Parapharyngeal space involvement is much
more common in SCC (P¼ 0.02). Other structures such as
jugular fossa, carotid canal, petrous bone, posterior and middle

uditory canal; HRCT ¼ high resolution computer tomography;
cranial fossa, subcutaneous soft tissue, parotid gland, TMJ, and
dura were equally involved in the recurrent lesions for both
kinds of tumors (Tables 4 and 5).

www.md-journal.com | 7



TABLE 4. Comparison of Involvement Structure at
Occurrence Between SCC and Adenocarcinoma of EAC

Involvement
Structures SCC (7)

Adenocarcinoma
(6) P Value

Jugular fossa 5/2 1/5 0.103
Carotid canal 5/2 1/5 0.103
Petrous bone 6/1 2/4 0.103
Posterior cranial fossa 5/2 1/5 0.103
Middle cranial fossa 6/1 4/2 0.559
Subcutaneous tissue 5/2 4/2 1.000
TMJ 5/2 2/4 0.286
Parotid gland 5/2 1/5 0.103
Dura 5/2 4/2 1.000
Parapharyngeal space 5/2 0/6 0.021

EAC ¼ external auditory canal; SCC ¼ squamous cell carcinoma;

Xia et al
Lymph node metastasis is seen in 6 cases of SCC and 2
cases in stage 2, 1 case in stage 1 but none in adenocarcinoma. In
contrast to SCC, 5 patients with adenocarcinoma have lung
metastasis and 1 case at stage 2 EAC adenocarcinoma
(Figure 3).

The median follow-up time is 42 months (from 5 to 152
months) and 36 months (from 5 to 192 months) for SCC and
adenocarcinoma, respectively. Nine patients with SCC died but
3 unrelated to tumor. Eight patients with SCC lived well after
operation with good quality of life and 5 lived with symptoms.
All 6 patients with adenocarcinoma died as a result of the tumor.
Nine patients with adenocarcinoma had a good quality life after
surgery while 4 patients lived with symptoms (Table 5).

DISCUSSION
In this paper, the growth behavior and pattern of recurrence

of SCC and adenocarcinoma has been comparatively studied
based on their radiological findings. Adenocarcinoma has the
tendency to grow on the superficial part of the EAC while SCC
is more likely to grow along the entire length of the EAC and

TMJ ¼ temporal mandible joint.
involving both the cartilaginous and bony part of the EAC at the
early stage. These differences are very helpful for surgical
planning. The operation method of LCR may be suitable for

TABLE 5. Comparison of Outcome Between SCC and Adenocarc

Follow-Up,
mo

Outcome,
1/2/3 Recurrences

SCC (n¼ 22) 42 (5–152) 8/5/9
�

7/15
Adenocarcinoma

(n¼ 19)
36 (5–192) 9/4/6

��
6/13

P value 0.804 0.03 1.000

Outcome 1 indicates good with any symptom, 2 indicates live with sym
recurrence. EAC ¼ external auditory canal; SCC ¼ squamous cell carcino�

Three patients died unrelated with recurrences in 9 dead patients.��
Five died from both lung metastasis and local recurrence, 1 from onl

8 | www.md-journal.com
the adenocarcinoma of T1 stage but LECR or LTBR are more
suitable for SCC of T1 stage. An accurate evaluation of the
extent of malignant lesions of EAC is essential for treatment
planning and prognosis.26 There are several proposed classifi-
cation systems for staging malignancies of EAC.3,5,18,27,28 They
have been used by many investigators.3,8,20,29–36 However,
using a uniform staging system might ignore important beha-
vioral differences between the malignancies of EAC resulting in
less than optimal management.33

In the advanced stage, SCC is more likely to involve the
deep structure extensively, such as parapharyngeal space. How-
ever, they both equally involve other structures, such as sub-
cutaneous tissue, parotid gland, petrous bone along with and
carotid artery wall. It is also noted that recurrent SCC and
adenocarcinoma do not show distinct biological differences.

Lymph node metastasis is much more commonly seen in
SCC even if the primary lesions are at an early stage. Nodal
spread was seen in 6 cases with SCC but none in adenocarci-
noma. Three patients showed nodal metastasis at initial diag-
nosis (1 T1 and 2 T2 tumors). A further 3 patients showed nodal
metastasis on follow-up (all T4 tumors).

Adenocarcinoma is much more likely than SCC to metas-
tasize to the lung and this feature can be seen at an early stage (1
patient had a T2 tumor). Lung metastasis was seen in 6 patients
with adenocarcinoma. Our observation is similar to other
reports documenting lung metastasis in patients with adeno-
carcinoma.9,11,21

Imaging plays an important role in delineating EAC tumor
extent. Axial and coronal HRCT can demonstrate clearly destruc-
tion of the temporal bone.23,24,37 Both axial and coronal T1WI can
show involvement of subcutaneous tissues, parotid gland, and
parapharyngeal space. T2WI is sensitive to detect necrosis of the
lesion, which shows heterogeneous hyperintensity. Contrast MRI
is the best sequence for identifying dural or cerebral parenchymal
invasion. Thickening of the dura and nodular contrast enhance-
ment are signs of dural and cerebral invasion.2,24,37 In this study,
we observed the tendency of SCC to undergo necrosis. Necrosis is
usually seen in the central part of the lesion as areas of hetero-
geneous hyperintensity on T2WI and contrast enhancement on
T1WI. Necrosis in adenocarcinoma is uncommon.

This study shows adenocarcinoma (compared to the
patients with SCC), is more commonly seen in females (14/
19). Otorrhea is the most common symptom in patients with

Medicine � Volume 94, Number 35, September 2015
SCC while otalgia and mass is the common presenting com-
plaint in patients with adenocarcinoma. The results are similar
to other reports.1,2,11,21,38

inoma of EAC

Extensive
Adjacent Tissue, þ/�

Lung
Mets, þ/�

Lymph Nodes
Mets, þ/�

7/15 0/22 6/16
4/16 5/14 0/19

0.604 0.037 0.043

ptoms, 3 indicates death. þ indicates recurrence, and � indicates no
ma.

y local recurrence.
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CONCLUSIONS
SCC and adenocarcinoma have different growth behavior

during early stage. In late stages, SCC is more likely to involve
deep spaces such as the parapharyngeal space. The growth
pattern, however, is similar for both types of tumors during
recurrence. Lymph node metastasis is commonly seen in
patients with SCC while lung metastasis is common in adeno-
carcinoma. Lymph nodes and lung metastasis could be seen in
the early stage of the tumor. Necrosis is more likely to occur in
the patients with SCC.

LIMITATIONS
There are some limitations in the present study. First, the

number of cases is still limited and more data should be
collected to compare. Second, the subtype of adenocarcinoma
should be divided in order to compare in more detail. Third,
not all of the tumor were operated pending on the
same criteria, such as the operation methods for tumors of
T1 stage included LCR, LECR, and LTBR. Fourth, the dose of
radiation therapy for tumors of T3 and 4 is unclear. More
detail data of patients will be collected to make further
analysis.
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