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Abstract
Background Malignant neoplasms of the external auditory canal (EAC) are rare. No consensus on management has emerged.
Objective To determine possible risk factors influencing tumorgenesis and prognosis of EAC carcinoma.
Materials and methods 108 patients (87 men/21 women) with an average age of 74 ± 13.8 years were recruited from 
2005 to 2019 at Department of Otorhinolaryngology, Head and Neck Surgery Heidelberg. The follow-up interval was 
43.62 ± 55.39 months. Partial and (sub)total ablative otis, supplementary surgery (petrosectomy, parotidectomy, neck dis-
section, mastoidectomy) and adjuvant radio(chemo)therapy belonged to treatment options. TNM status was determined at 
time of diagnosis using the AJCC staging system.
Results 63.9% of patients underwent a total ablative otis. Tumor recurrence was seen in 24.1%. The 1-year survival rate was 
87%, the 5-year survival rate was 52%, the mean overall survival (OS) was 3.82 ± 4.6 years. Male EAC carcinoma patients 
had a better OS (p < 0.001), PFS (p < 0.001) and DSS (p = 0.02) than females. T1 patients had a better OS (p = 0.01), PFS 
(p = 0.01) and DSS (p < 0.001) than T4 patients. Lymph node but not distant metastasis, tumor grading, perineural, venous 
and lymphatic invasion, histology, age and tumor localization influenced the OS in EAC carcinoma patients (p = 0.04). The 
more radical the ablative otis, the worse the OS (p = 0.002), PFS (p = 0.02) and DSS (p < 0.001). Radio(chemo)therapy did 
not improve the OS.
Conclusions EAC carcinoma are difficult to treat and benefit from early diagnosis so that a radical combined treatment 
approach does not need to be used.
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Introduction

Malignant neoplasms of the external auditory canal (EAC) 
are very rare, with an incidence of 1–6:1,000,000 per year 
[1–3]. They are responsible for approximately 0.2% of all 
head and neck cancers and for 0.2% of all ear diseases with 
an age peak between the fifth and seventh decades of life [4].

The most frequent tumor entity is the squamous cell car-
cinoma (SCC), followed by basal cell carcinoma (BCC), 
adenoid cystic carcinoma (ACC), ceruminous adenocarci-
noma, and middle ear adenocarcinoma [2, 4–7]. Primary 
symptom of all EAC tumors is chronic otorrhea in 50–90% 
of cases. Simultaneous otitis externa or otitis media is very 
common. For this reason, an early diagnosis is difficult, and 
it leads to frequent misdiagnoses in 69% of cases [8, 9]. A 
biopsy is recommended in suspicious cases with EAC skin 
lesions [8].
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Currently, there is no consensus on a standardized ther-
apy management and an uniform staging system is lacking 
[5, 10, 11]. Depending on the tumor size, the therapy has 
evolved from partial removal of the auricle or soft tissue of 
the EAC to extensive surgical therapy including combined 
procedures such as radio- and/or chemotherapy [2, 5, 9, 12, 
13].

Due to its low incidence, there is little data in the litera-
ture on EAC cancers with overall outdated studies and small 
sample sizes [1–3, 5, 11, 14–21].

Thus, the aim of this retrospective 14-year-long-term 
analysis is to determine possible risk factors influencing 
tumorgenesis and prognosis of 108 patients with EAC car-
cinoma by analyzing their impact on overall, disease-spe-
cific and progressive free survival after single or combined 
treatment.

Methods

Ethical considerations

The Ethics Committee of the Medical Faculty at the Univer-
sity of Heidelberg granted permission to conduct the study 
(Project No. S-338/2021) according to the Declaration of 
Helsinki on biomedical research involving human subjects. 
Informed consent was obtained from all patients. All data 
were pseudonymized before analysis.

Recruitment

From 2005 to 2019, 1345 patients with malignant neoplasms 
of the head and neck region were identified at Department 
of Otorhinolaryngology, Head and Neck Surgery, University 
Hospital of Heidelberg. Of these, 108 patients were diag-
nosed with external auditory canal carcinoma, originating 
from the auricle, the external auditory canal, the petrous 
bone, preauricular as well as retroauricular. 96.3% of EAC 
carcinoma patients underwent surgical therapy. The types of 
surgery were partial, subtotal and total ablative otis. Depend-
ing on tumor sizes, the surgical treatment expanded by paro-
tidectomy, neck dissection (selective to radical), petrosec-
tomy, mastoidectomy, radiotherapy and radiochemotherapy.

General demographic data (age, gender) as well as histol-
ogy, tumor localization, tumor size (T), lymph node involve-
ment (N), distant metastasis (M), grading (G), recurrence 
(R), lymph invasion (L), venous invasion (V), perineural 
invasion (Pn), type of surgery, adjuvant therapy were also 
collected.

Histological staging

Tumors, nodes and metastases (TNM) status was deter-
mined for all tumor entities at the time of diagnosis using the 
American Joint Committee on Cancer (AJCC) staging sys-
tem for SCCs of the head and neck skin [22]. In the absence 
of a formal staging system [23], the histologically diagnosed 
basal cell carcinoma of the EAC could not be classified in 
TNM according to their tumor sizes.

Statistical analysis

Statistical analysis of the data was performed using R Ver-
sion 4.2.2. with its libraries survival, ggsurvfit and cond-
SURV. Demographic and clinicopathological patient char-
acteristics were investigated with descriptive statistics. 
Continuous data were reported as mean values ± standard 
deviations and categorical data as absolute and relative fre-
quencies. Missing values were included in the descriptive 
statistics.

Overall (OS) and progressive free survival (PFS) rates 
were plotted graphically using Kaplan–Meier curves. OS 
was defined as time from the date of cancer diagnosis to the 
date of death, PFS as the time from the date of cancer to the 
date of death from EAC cancer. DSS was calculated similar 
to OS with the exception that only tumor-related deaths were 
marked as an event.

Multivariate Cox proportional hazard models were used 
to explore associations between patient characteristics, 
tumor parameter, OS, PFS and DSS. Hazard ratios (HR) 
with 95% confidence intervals were calculated. The Cox pro-
portional hazard model was used for multivariate analysis. 
P-values of < 0.05 were considered statistically significant.

The 1-year, 3-year and 5-year survival probability as 
well as the median OS, PFS and DSS were based on the 
Kaplan–Meier statistics and reported with their respective 
95% confidence intervals.

To further test the impact of particular tumor parameters 
and therapeutic interventions, we performed log-rank tests. 
In those cases, we tested whether the number of observed 
events differed significantly to the number of expected 
events. The expected events were calculated that each group 
based on the parameters followed the same survival function. 
A p-value of less than 0.05 rejects this hypothesis, indicating 
that there are significantly more or less observed events in at 
least one group than it would have been expected. Hence, the 
assumption can then be supported that belonging to one of 
those groups would lead to a higher (or lower) survival rate.
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Results

Patients cohort

108 patients (87 men and 21 women) with an average age 
of 74 ± 13.8 years (range: 9–94 years) were enrolled in this 
retrospective study. The average follow-up interval was 
43.62 ± 55.39 months (range: 1–252 months). The malignant 
histopathologic diagnoses were predominantly squamous 
cell carcinoma (61.1%), followed by basal cell carcinoma 
(31.5%), adenoid cystic carcinoma (2.8%) and malignant 
melanoma (2.8%). The diagnoses were all histologically con-
firmed. The EAC carcinoma originally spread mainly from 
the auricle (69%) and the external auditory canal (15%). Fig-
ure 1 illustrates a spreading ear canal carcinoma, including 
the auricle (A), an EAC carcinoma growing locally on the 
floor of the external auditory canal (B), and an EAC car-
cinoma that completely fills the ear canal (C). The cancer 
extent of the primary tumor (T) was distributed among the 
patients as follows: T1 (n = 27), T2 (n = 8), T3 (n = 21), T4 
(n = 12). Due to the absence of a formal staging system for 
basal cell carcinoma, the extent of the primary tumor was 
not classified in 40 EAC carcinoma patients. Regional lymph 
node involvement (N) was absent in 52 cases (N0) and pre-
sent in 14 cases (N +). No distant metastases were detected 
in 69 cases, and M1 was diagnosed in two cases. 63.9% of 
patients underwent a total ablative otis with a postoperative 
surgical reconstruction (69.4%). For more than half of the 
patients with EAC carcinoma, no further operations, such as 
a middle ear intervention (3.7%), a neck dissection (31.5%), 
a parotidectomy (35.2%), a mastoidectomy (12%) or a pet-
rosectomy (9.3%), were performed. Most patients had to be 
irradiated about 2.3 ± 1.7 months postoperatively. A tumor 

relapse was seen in 26 cases (24.1%). A comprehensive 
overview of all used patient’s data is listed in Table 1.

Post‑therapeutic survival

The 1-, 3-, and 5-year survival rates were determined using 
the Kaplan–Meier method. The values were 87% (80–94%, 
confidence interval (CI)) for 1-year survival, 60% (CI 
50–72%) for 3-year survival, and 52% (CI 41–65%) for 
5-year survival (Fig. 2). The mean overall survival (OS) 
was 3.82 ± 4.6 years, the mean progressive free survival 
(PFS) was 3.0 ± 3.9 years and the disease-specific survival 
(DSS) was 2.5 ± 3.1 years. The median OS was 5.8 years 
(CI 2.9–15), the median PFS was 2.8 years (CI 2.1–8.4) 
while the median DSS was 1.4 years (CI 1–2.8). Median 
years of survival were calculated based on the Kaplan–Meier 
statistics.

Sociodemographic influence on survival

There was a significant difference between men and women 
concerning the OS, PFS and DSS when using log-rank 
testing. Male EAC carcinoma patients had a better OS 
(p < 0.001), PFS (p < 0.001) and DSS (p = 0.02) than female 
patients, as shown in Fig. 3. There was no significant influ-
ence of age at therapy on OS and DSS detectable. However, 
Cox-Hazard models showed a significant effect of age on 
PFS.

Prognostic significance

In the present study, no significant impact of histology and 
tumor localization on OS, PFS or DSS could be calculated 
(p > 0.05). The cumulative survival of patients was worse 
with increasing tumor size (T1: p = 0.5; T1: p < 0.001; T3: 

Fig. 1  Exemplary presentation of a spreading external auditory canal 
carcinoma, including the auricle (A) Exemplary presentation of an 
EAC carcinoma, growing locally on the floor of the auditory canal 

(B) Exemplary representation of an EAC carcinoma completely fill-
ing the auditory canal, which is marked in green (C). The photos (A–
B) were taken by one of the co-authors (P.F.)
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Table 1  Surgical and clinico-
pathological characteristics of 
the patient cohort (n = 108)

Characteristics EAC carcinoma cohort (n = 108)

Age (years): time of therapy 74 ± 13.8 (9–94)
Gender
Male 87 (80.6%)
Female 21 (19.4%)
Histopathological diagnoses
Adenoid cystic carcinoma (ACC) 3 (2.8%)
Adenocarcinoma (ADE) 1 (0.9%)
Basal cell carcinoma (BCC) 34 (31.5%)
Malignant melanoma (MAL) 3 (2.8%)
Merkel cell carcinoma (MER) 1 (0.9%)
Squamous cell carcinoma (SCC) 66 (61.1%)
Tumor localization
Ear auditory canal 16 (15%)
Auricle 75 (69%)
Preauricular 6 (6%)
Retroauricular 11 (10%)
Tumor grading
T1 27 (25%)
T2 8 (7.5%)
T3 21 (19.4%)
T4 12 (11.1%)
Unknown 40 (37%)
Lymph node involvement
Yes 14 (13%)
No 52 (48.1%)
Not available 42 (38.9%
Distant metastasis
Yes 2 (1.9%)
No 69 (63.9%)
Not available 37 (34.3%)
Grading
Well differentiated malignant tissue (G1) 8 (7.4%)
Moderately differentiated malignant tissue (G2) 26 (24.1%)
Poorly/lowly differentiated malignant tissue (G3) 5 (4.6%)
Not available 69 (63.9%)
Tumor stage according to AJCC
I 25 (23.1%)
II 7 (6.5%)
III 19 (17.6%)
IV 17 (15.7%)
Not available 40 (37.0%)
Ablative otis
None 4 (3.7%)
Total 69 (63.9%)
Subtotal 11 (10.2%)
Partial 24 (22.2%)
Middle ear surgery
Yes 4 (3.7%)
No 104 (96.3%)
Neck dissection
Yes 34 (31.5%)
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p = 0.04; T4: p = 0.01). EAC carcinoma patients with T1 had 
a better OS (p = 0.01), PFS (p = 0.01) and DSS (p < 0.001) 
than patients with T4. Furthermore, a significant influence 
of tumor stage according to AJCC on OS (p = 0.003), PFS 
(p = 0.001) and DSS (p < 0.001) was seen. The lymph node 
involvement negatively influenced the OS (p = 0.04) and the 
DSS (p < 0.001) but not the PFS (p = 0.1). The propensity 
for distant metastasis (M) had a significant impact on DSS 
(p < 0.001) but not on OS (p = 0.09) and PFS (p = 0.3). The 
grading of tumor only affected the PFS (p = 0.01) while there 
was a significant influence of the lymphatic invasion on the 
PFS (p = 0.03) as well as on the DSS (p = 0.004). Perineural 

and venous invasion both did not affect the survival of 
patients with EAC carcinoma significantly.

Prognostic significance of therapy

Survival time appeared to be clinically decreased with com-
bined therapies compared to surgery alone (OS: p < 0.001; 
PFS: p = 0.02; DSS: p < 0.001). According to the tumor 
spread, a radical procedure had to be carried out. The more 
radical the ablative otis, the worse the OS (p = 0.002), PFS 
(p = 0.02) and DSS (p < 0.001). An additional petrosectomy 
did not improve the OS (p = 0.9), the PFS (p = 0.5) and the 
DSS (p = 0.1) whereas the mastoidectomy, the parotidec-
tomy and the neck dissection positively influenced the DSS 

Table 1  (continued) Characteristics EAC carcinoma cohort (n = 108)

No 74 (68.5%)
Parotidectomy
Yes 38 (35.2%)
No 70 (64.8%)
Mastoidectomy
Yes 13 (12.0%)
No 95 (88.0%)
Petrosectomy
Yes 10 (9.3%)
No 98 (90.7%)
Minimally surgical reconstruction
Yes 75 (69.4%)
No 30 (27.8%)
Not available 3 (2.8%)
Reconstruction with epithesis
Yes 18 (16.7%)
No 87 (80.6%)
Not available 3 (2.8%)
Radiotherapy
Yes 18 (16.7%)
No 90 (83.3%)
Radiochemotherapy
Yes 9 (8.3%)
No 99 (91.7%)
Tumor recurrence
Yes 26 (24.1%)
No 82 (75.9%)
Cause death
Tumor-dependent 20 (18.5%)
Tumor-independent 26 (24.1%)
Not available 62 (57.4%)
Overall survival in years (OS) 3.8 ± 4.6 (0.016–21.4)
Progressive free survival in years (PFS) 3.0 ± 3.9 (0.014–18.3)
Disease-specific survival in years (DSS) 2.5 ± 3.1 (0.025–12.5)
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(p < 0.05). The adjuvant radiotherapy only impacted the DSS 
(p = 0.003) but not the OS and PFS, while the radiochemo-
therapy had no significant influence on survival in patients 
with EAC carcinoma (p = 0.6).

Discussion

Carcinomas of the external auditory canal (EAC) are rare, 
and management remains challenging due to the lack of 
reliable clinical and pathological prognostic factors, and 

Fig. 2  The curve repre-
sents the actual survival 
rate from 1 to 5 years post-
operatively in patients with 
carcinoma of the external audi-
tory canal (EAC), the lines are 
the estimated probabilities of 
survival after 1 to 5 years

Fig. 3  Kaplan–Meier survival 
curve of the patients with EAC 
carcinoma, divided into males 
and females. Men have a statis-
tically significant better survival 
than women (p = 0.004)
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the markedly diverse surgical and oncological treatment 
modalities available [24]. Given such paucity, few epide-
miological data are available and no consensus on man-
agement has emerged [8]. So, we performed here a long-
term analysis of 108 EAC carcinoma patients after single 
or combined treatment to determine possible risk factors 
influencing tumorgenesis and prognosis.

Although no staging system for EAC carcinomas is cur-
rently recognized by either the Union for International Can-
cer Control or the American Joint Committee on Cancer, a 
comprehensive staging system developed by Arriaga et al. 
[25] and later modified by Moody et al. [26], namely the 
Pittsburgh Tumor Staging System, is most widely used [27, 
28]. The Pittsburgh staging system is used for the SCC of the 
EAC, and occasionally for the ACC, although its suitability 
for the ACC is limited with respect to different tumor behav-
iors [29]. According to Wang et al., this provides ineffective-
ness in diagnosis, treatment recommendation, and surgical 
planning because individual tumor entities exhibit different 
behaviors in terms of growth, locoregional metastasis, dis-
tant metastasis, and recurrence rate [29]. The system is based 
on tumor extent on computer tomography and histopatho-
logic findings and has been validated using meta-analyses 
[28]. The staging system of the American Joint Committee 
on Cancer (AJCC) for squamous cell carcinoma of the skin 
of the head and neck is also used, since in addition to clinical 
radiological findings, histopathological parameters as well 
as nodal and perineural involvement also play a role [4]. In 
our study, the staging system of the AJCC was used and a 
significant influence of tumor stage according to AJCC on 
OS, PFS and DSS was seen, indicating that this tumor stag-
ing system has a legitimate application at carcinoma of EAC.

Efforts have been made to identify prognostic factors that 
can improve treatment protocols. Several disease-related fac-
tors such as tumor stage, a poorly differentiated cell type, 
neck lymph node involvement, and facial paralysis indicate 
poor prognosis [3, 5, 30]. We could show that lymph node 
metastasis but not distant metastasis, tumor grading, peri-
neural, venous and lymphatic invasion, histology, age and 
tumor localization significantly influenced the OS in EAC 
carcinoma patients. Following the literature, the survival 
rates of patients with SCCs of the EAC who undergo sur-
gery at early stages are reportedly favorable, highlighting the 
importance of clinical suspicion and early diagnosis [3, 5, 
24–27, 30–32]. In our study, the malignant histopathologic 
diagnoses were also predominantly squamous cell carci-
noma, followed by basal cell carcinoma and adenoid cystic 
carcinoma. The cumulative survival of our EAC carcinoma 
patients was worse with increasing tumor size, indicating 
that EAC carcinoma patients with T1 had a significant bet-
ter OS, PFS and DSS than those with T4. Generally, SCCs 
of the EAC are associated with poorer prognoses than other 
pathologies [24]. As second relevant finding here, male 

EAC carcinoma patients had a better OS, PFS and DSS than 
female patients. To date, there have been no studies that have 
identified gender as a prognostic factor. However, we have to 
admit that there was an unequal distribution in favor of the 
male gender in our study (87 men vs. 21 women).

The complexity of the anatomy and the relationship 
between the tumor with surrounding tissues within a lim-
ited space, render it difficult to attain safe resection margins 
[31]. Essig et al. reported a DFS rate of 81% at 2 years in 
patients with clear margins, in contrast to a DFS rate of 45% 
in patients with positive margins [32]. Moody et al. also 
reported that positive histological margins were associated 
with reduced survival at 2 years (32%) compared to that of 
patients with clear margins (75%) [26]. In our study, tumor 
recurrence was seen in 24.1%. The 1-year survival rate was 
87% and the 5-year survival rate was 52%. Thus, the surgeon 
should consider wide en bloc resection to create oncologi-
cally safe margins. But so far, there is no consensus on a 
standardized therapy management in patients with EAC car-
cinoma. Various methods ranging from minimally invasive 
procedures to extensive surgical therapies, including com-
bined procedures such as radio- and/or chemotherapy, could 
be found in the literature [13, 21]. In our study, the types 
of surgery varied from partial, subtotal, and total ablative 
otis to additional extended surgical therapies, such as neck 
dissection, mastoidectomy, parotidectomy, petrosectomy, or 
other middle ear surgeries. 18 patients received radiother-
apy in addition to surgical therapy, in nine cases, combined 
radio-chemotherapy was given. In most studies, combined 
therapy is described as the standard of care [28, 33–35]. It 
was further reported that patients with early tumor stages 
of EAC carcinoma benefited from a less aggressive surgi-
cal approach and that radiotherapy and radiochemotherapy, 
respectively, was recommended at later tumor stages for 
positive tumor margins [17, 36, 37]. We noticed here that 
the more radical the ablative otis, the worse the OS, the PFS 
and the DSS. Furthermore, an adjuvant radio(chemo)therapy 
did not improve the OS of our included EAC carcinoma 
patients. Nakagawa et al. underlined our findings who did 
not detect a positive significant impact of radiochemotherapy 
on OS [38]. Additionally, Takenaka et al. described that pre-
operative radiochemotherapy could improve tumor survival 
by analyzing 725 EAC tumor patients in a meta-analysis. 
However, if the prognosis was poor, postoperative RCT had 
no positive impact on survival [39]. Thus, it is questionable 
whether a multimodal concept which is frequently applied 
in advanced tumor stages should be made as a general rec-
ommendation. What is important is an early diagnosis and a 
correspondingly least radical surgical therapy approach. Per-
sonalized medicine, which is precisely tailored to the patient, 
would be the therapy of choice in patients with EAC car-
cinoma. Extended surgical treatments should be discussed 
individually, depending on tumor location and extension, 



2972 European Archives of Oto-Rhino-Laryngology (2023) 280:2965–2974

1 3

because we showed here that the mastoidectomy, the paro-
tidectomy and the neck dissection positively influenced the 
DSS in patients with EAC carcinoma.

The study has several limitations, one of which is the 
rarity of this tumor entity and thus the limited number of 
patients as well as the retrospective nature, which may have 
led to an underestimation or an overestimation of treatment 
outcome, preventing generalizable population-based con-
clusions. Another limitation was the unequal gender ratio, 
which is in line with further oncological studies [3, 9, 40]. 
In addition, there were many unknown T4 stages, making it 
difficult to statistically validate and compare clinical results. 
Complementary operations were only performed in 3.7 until 
35% of cases, so that the therapy effect can only be inad-
equately assessed. The major limitation of our study was the 
fact that Nam et al. 2018 already found in his retrospective 
10-year study that advanced T stage and advanced overall 
stage in 26 patients with SCC of the EAC were associated 
with lower survival after surgical treatment using the modi-
fied University of Pittsburgh staging system, underscoring 
the importance of clinical vigilance and early detection [24]. 
Despite the same message of a necessary early tumor detec-
tion, our study has decisive advantages. The strengths of this 
14-year long-term study relate to the extensive clinical data 
collection of 108 EAC carcinoma patients, which implies 
a large power with strong significance. Of course, an even 
larger number of patients with EAC carcinoma would have 
been desirable, but considering the rare entity and our loca-
tion advantage through the cooperation with the National 
Tumor Center in Germany, this number of patients is actu-
ally quite remarkable, especially compared to most studies 
on EAC carcinomas. Our 14-year study continues to benefit 
from the description of different histologic EAC carcinoma 
types, treatment diversity, and the use of the AJCC's statisti-
cally relevant staging system for OS, PFS, and DSS. Addi-
tional studies are needed to identify surrogate biomarkers 
that could help guide clinical decisions about treatment 
options in EAC carcinoma. The second step is to find out 
what subjectively affects the patient's quality of life most 
due to an EAC carcinoma and its therapeutic treatment, to 
be able to meet the requirements of high-quality outcome 
research.

Conclusion

In conclusion, this study shows that EAC carcinoma are dif-
ficult to treat and benefit from early diagnosis so that an 
overly radical combined treatment approach does not need 
to be used. Personalized medicine would be the therapy of 
choice in patients with EAC carcinoma.
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