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Abstract

Background: Primary adenoid cystic carcinomas (ACCs) of the trachea are rare tumors of the central bronchial system.
In patients presenting with unresectable tumors, severe comorbidities, or incomplete surgical resection, definitive
radiotherapy is currently the recommended treatment. Irradiation with carbon ions (C12) has shown promising local
control (LC) and survival rates in cases of ACCs of the head and neck. No data on the therapeutic efficacy of C12
radiotherapy in treating tracheal ACC has been published.

Methods: All patients with histologically confirmed ACC of the trachea treated with surgery and/or radiation treatment at
Heidelberg University Hospital between 1991 and 2017 were included in this analysis. Patient and treatment
characteristics, short- and long-term toxicity after radiotherapy, overall survival (OS), freedom from local progression (FFLP),
and freedom from distant progression (FFDP) were prospectively acquired and retrospectively analyzed.

Results: Thirty-eight patients (23 women and 15 men) with a median age of 51 were treated by surgery (n = 20) and/or
radiotherapy with either C12 (n = 7) or photons (n = 24). Of these patients, 61% presented with locally advanced (stage 4)
ACC. The median follow-up for all patients was 74.5months. The 5-year OS for all patients was 95% (10-year: 81%). The 5-
year FFLP and FFDP were 96% (10-year: 83%) and 69% (10-year: 53%), respectively. In patients who underwent surgery
alone, the 5-year OS was 100% (10-year: 80%). The 5-year FFLP and FFDP were 100% (10-year: 100%) and 80% (10-year:
60%), respectively. In patients who underwent radiotherapy alone, the 5-year OS was 100% (10-year: 83%). The 5-year
FFLP and FFDP were 88% (10-year: 44%) and 67% (10-year: 34%), respectively. In patients who received multi-modal
treatment including surgery and adjuvant radiotherapy, the 5-year OS was 84% (10-year: 84%). The 5-year FFLP was 100%
(10-year: 100%) and the 5-year FFDP was 65% (10-year, 65%).

Conclusions: The long-term prognosis is favorable if surgery is performed. In cases of an incomplete resection, good OS
can still be achieved following adjuvant radiotherapy. For radiotherapy, irradiation with C12 shows promising first results.
However, more data is needed to prove the long-term advantage of C12 over photons.

(Continued on next page)

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: matthias.uhl@med.uni-heidelberg.de
6National Center for Radiation Oncology (NCRO), Heidelberg Institute for
Radiation Oncology (HIRO), 69120 Heidelberg, Germany
7Heavy Ion Therapy Center (HIT), Heidelberg University Hospital, 69120
Heidelberg, Germany
Full list of author information is available at the end of the article

Högerle et al. Radiation Oncology          (2019) 14:117 
https://doi.org/10.1186/s13014-019-1323-z

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Heidelberger Dokumentenserver

https://core.ac.uk/display/224819898?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://crossmark.crossref.org/dialog/?doi=10.1186/s13014-019-1323-z&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:matthias.uhl@med.uni-heidelberg.de


(Continued from previous page)

Trial registration: The ethics committee of the Heidelberg University Hospital approved the retrospective data analysis
(S-174/2019).

Keywords: Adenoid cystic carcinoma, Carcinoma of the trachea, Carbon ion, Radiation therapy, Multi-modal treatment,
Tracheal tumor surgery

Background
Two thirds of all tracheal tumors are malignant. Of these,
75% are squamous cell carcinomas (SCCs) and 15% are
adenoid cystic carcinomas (ACCs) [1, 2]. Typically, people
in their fourth to sixth decade of life are affected. An over-
all 5-year survival rate of 52% and an overall 10-year sur-
vival rate of 29% are reported, which is better than the
expected 5- and 10-year survival rates of patients with
non-small cell lung cancer (NSCLC) [3].
ACCs are categorized as a subtype of NSCLC [4].

However, ACCs differ from NSCLC in many aspects.
ACCs grow primarily in the tracheal lumen, have a
slower growth rate, and rarely develop lymph node and
distant metastases (M), even in advanced tumor stages.
Based on these differences, Bhattacharyya proposed a
modified TNM staging system [5] in which tumor size is
the dominating prognostic factor in determining patient
survival. This implies that an advanced tumor growth
does not exclude a curative treatment approach.
The treatment of choice for ACC patients is the

complete surgical resection [6]. In the case of incom-
plete resection (R1, R2), an adjuvant radiotherapy as a
multi-modal treatment approach is recommended.
Radiotherapy as a definitive therapeutic concept is suit-
able for patients presenting with an unresectable tumor
and/or severe comorbidities. The application of photons
is most common for radiotherapy. Recently, hadron ir-
radiation with carbon ions (C12) has been established for
clinical use with promising results, particularly for ACCs
of the head and neck region and skull-based tumors [7–
10]. Compared to photons, C12 offers a favorable dose
distribution with the possibility of dose escalation and
better biological effectiveness [11–13].
Due to the rareness of tracheal ACC, very little data

from other centers have been published. Here, we present
the data of 38 patients with histologically confirmed ACC
of the trachea who were treated by surgery and/or radio-
therapy with either C12 or photons at our center.

Methods
All patients with histologically confirmed ACC of the
trachea treated with surgery and/or radiation treatment
at the Heidelberg University Hospital between 1991 and
2017 were included in this retrospective analysis. The
characteristics of all patients are summarized in Table 1.

Table 1 Patient characteristics
Characteristic Value (%)

Age, y

Median 51

Range 19–80

Sex

Female 23 (61)

Male 15 (39)

Tumor stage (Bhattachyryya 2004)

Stage 1 5 (13)

Stage 2 5 (13)

Stage 3 5 (13)

Stage 4 23 (61)

UICC Characteristics of stage 4 tumors 23

T stage

T1 0 (0)

T2 0 (0)

T3 2 (9)

T4 21 (91)

N stage

N0 16 (70)

N1 4 (17)

No data 3 (13)

M stage

M0 18 (78)

M1 5 (22)

N1 + M1 1 (4)

Treatment

Surgery 7 (18)

Radiation therapy 18 (47)

C12 6 (33)

Photons 12 (67)

Surgery and radiation therapy 13 (34)

C12 1 (8)

Photons 12 (92)

No treatment 1 (3)

Resection status

R0 9 (45)

R1 10 (50)

R2 1 (5)

Abbreviations: C12 carbon ions
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The overall survival (OS), freedom from local progres-
sion (FFLP), and freedom from distant progression
(FFDP) were calculated according to the Kaplan-Meier
method. Postoperative complications and short- and
long-term toxicity after radiation therapy were evaluated
using the 4.0 Common Terminology Criteria for Adverse
Events (CTCAE) classification. The data was analyzed
using IBM SPSS 25 Statistics (IBM, Armonk, NY, USA).

Results
A total of 38 patients with histologically confirmed ACC
of the trachea were included in this study. The data of
23 female and 15 male patients with a median age of 51
(range: 19–80) years at first diagnosis were evaluated.
The TNM staging was provided by Bhattachyryya [5]. It
was further modified by the authors of this article to in-
clude the factors of M and perineural invasion (Pn),
which is characteristic of ACC and is associated with
local tumor recurrence and impaired overall prognosis
[14]. All TNM staging factors are defined in Table 2.
The TNM staging system is summarized in Table 3.
Of the patients, five were initially diagnosed with stage

1 ACC (13%), five with stage 2 ACC (13%), and five with
stage 3 ACC (13%). Most of the patients (n = 23 / 61%)
presented with locally advanced stage 4 ACC. In 21 of
them, the tumor had spread to adjacent organs or struc-
tures (T4, 91%). However, lymph node metastases were
clinically or histologically confirmed in only four

patients (N1, 17%). No lymph node metastases were de-
tected in 16 patients (N0, 70%; NX: n = 3 / 13%). Clinic-
ally or histologically confirmed M were present in five
patients (M1, 22%; M0: n = 18 / 78%). Combined lymph
node and M were diagnosed in one patient (4%). There
was histological evidence of Pn in five patients (Pn1,
22%; Pn0: n = 20 / 87%; PnX: n = 4 / 17%).

Treatment
Surgery was performed in 20 patients (53%). Eleven pa-
tients (55%) were diagnosed with stage 4 ACC (stage 1:
n = 4 / 20%; stage 2: n = 4 / 20%; stage 3: n = 1 / 5%). All
data is summarized in Table 4.
A radical resection (R0) was achieved in nine pa-

tients (45%) (stage 1: n = 3 / 15%; stage 2: n = 1 / 5%;
stage 4: n = 5 / 25%). An R1 situation remained in 10
patients (50%) (stage 1: n = 1 / 5%; stage 2: n = 3 /
15%; stage 3: n = 1 / 5%; stage 4: n = 5 / 25%). A
macroscopic residue of the tumor (R2) had to be left
in situ in one patient (5%; stage 2).
All patients with an incomplete surgical resection (R1,

R2) underwent adjuvant radiotherapy as a multi-modal
treatment approach (C12: n = 1, photons: n = 10). Fur-
thermore, two R0-resected patients (10%) also received
adjuvant radiotherapy because the tumor was close to
the resection margin (C12: n = 0, photons: n = 2). There-
fore, radiotherapy was performed in 13 (65%) of 20 pa-
tients following surgery (C12: n = 1, photons: n = 12).
In contrast, there was an interdisciplinary discussion

about giving 18 patients (47%) definitive radiotherapy. In
this group, 12 patients (67%) were diagnosed with stage
4 ACC (stage 1: n = 0 / 0%; stage 2: n = 2 / 11%; stage 3:
n = 4 / 22%). Six patients underwent irradiation with C12

(33%), whereupon five were found to have stage 4 ACC
(83%). One patient (17%) had undergone surgery for
ACC in 1986 and was then diagnosed with recurrent
stage 2 ACC 34 years following tumor resection. Twelve
patients (67%) received irradiation with photons (stage
2: n = 1 / 8%; stage 3: n = 4 / 33%; stage 4: n = 7 / 59%).
A palliative setting was recommended for one patient
(no treatment, 3%).

Table 2 Definitions of TNM staging factors for primary ACCs of
the trachea

Stages Definitions

T-Stage

T1 Primary tumor confined to trachea; size < 2 cm

T2 Primary tumor confined to trachea; size > 2 cm

T3 Spread outside the trachea but not to adjacent organs or
structures

T4 Spread to adjacent organs or structures

Tx Unkown or cannot be assessed

N-Stage

N0 No evidence of regional nodal disease

N1 Clinical or histological evidence of regional nodal disease

Nx Unknown or cannot be assessed

M-Stage

M0 No evidence of distant metastases

M1 Clinical or histological evidence of distant metastases

Mx Unknown or cannot be assessed

Pn-Stage

Pn0 No histological evidence of perineural invasion

Pn1 Histological evidence of perineural invasion

Pnx Unkown or cannot be assessed

Table 3 TNM staging system for primary ACCs of the trachea

T-Stage N-Stage M-Stage Pn-Stage

Stage 1 1 0 0 0

Stage 2 2 0 0 0

Stage 3 3 0 0 0

Stage 4 4 0 0 0

any T 1 0 0

any T any N 1 0

any T any N 0 1
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In most cases, both variants of radiotherapy included a
primary plan with 3D conformal radiotherapy, IMRT, or
carbon ion beam therapy as well as a boost plan with 3D
conformal radiotherapy, IMRT, brachytherapy, or carbon
ion beam therapy delivered to the planning target vol-
ume (PTV) in fractions from 1.8 to 5 Gy (Gy). Overall,
the median dose for the PTV1 (primary plan) was 50 Gy
(range: 46–63). A median dose of 16 Gy (range: 0–74)
was applied to the PTV2 (boost plan). Therefore, the
overall median total dose was 66 Gy (range: 48–74.4).
For the irradiation with C12 carbon ion boost, the dose
to PTV1 (photons) was 50 Gy in median (range: 50–54)
and the dose to the PTV2 (C12 carbon ion) was 24 Gy in
median (range: 18–24). In the photon only group, the
dose to PTV1 was also 50 Gy in median (range: 46–54),
and the dose to the PTV2 was 16 Gy in median (range:
8–74). Two patients received treatment with 60Gy (RBE)
and 63Gy (RBE) carbon ion beam only, respectively. Two
other patients received, after the primary plan (PTV1)
with 50Gy photons, a brachytherapy boost with an total
dose of 15Gy in 3 fractions. The resulting total dose in the
C12 group was 72Gy in median (range: 60–74.4) and 66
Gy (range: 48–74) in the photon group. LEM 1 were used
as the RBE model for the carbon ion beam therapy plan-
ning. Treatment calculation was performed with an α/β of
2Gy for organs at risk and the planning target volume. All
data are summarized in Table 5.

Survival and local control
The median follow-up time for all patients was 74.5
months. The median follow-up time for patients who
underwent surgery alone was 185months. The median
follow-up time for patients who underwent surgery and ad-
juvant radiotherapy was 123months. In contrast, the me-
dian follow-up times for patients after definitive C12

treatment and photon treatment were 15.5 and 60months,
respectively. The 5-year OS of all patients was 95% (10-

year: 81%). The 5-year FFLP was 96% (10-year: 83%), and
the 5-year FFDP was 69% (10-year: 53%).
In patients who underwent surgery alone, the 5-year

OS was 100% (10-year: 80%). The 5-year FFLP was 100%
(10-year: 100%) and the 5-year FFDP was 80% (10-year:
60%). In patients who underwent radiotherapy alone, the
5-year OS was 100% (10-year: 83%). The 5-year FFLP
and FFDP were 88% (10-year: 44%) and 67% (10-year:
34%), respectively. The longest follow-up period for C12

irradiation alone was 20 months. After this period, no
patient had developed local or distant progression
(FFLP/FFDP: 100%). Compared to photon irradiation
alone, FFLP was also 100% after 21 months (FFDP: 91%).
The longest follow-up period for photon irradiation
alone was 11.3 years. After this period, FFLP was 43%.
FFDP was 38% after 11.3 years.

Table 4 Treatment characteristics

Surgery
alone

Multi-modal treatment Radiotherapy
alone

Surgery +
C12

Surgery +
photons

C12 Photons

Stage
1

2 (29) 0 (0) 2 (17) 0 (0) 0 (0)

Stage
2

1 (14) 0 (0) 3 (25) 1 (17) 1 (8)

Stage
3

0 (0) 0 (0) 1 (8) 0 (0) 4 (33)

Stage
4

4 (57) 1 (100) 6 (50) 5 (83) 7 (59)

Overall 7 (100) 1 (100) 12 (100) 6
(100)

12 (100)

The number of patients is presented for each stage according to the
treatment method. The percentage is shown in brackets

Table 5 Radiation treatment

Carbon ion only (PTV1)

PTV1 (Gy
RBE)

Dpf (Gy
RBE)

PTV2 (Gy
RBE)

Dpf (Gy
RBE)

TD
(Gy)

(n = 2)

60 3 0 0 60 1

63 3 0 0 63 1

Photons (PTV1) with Carbon ion Boost (PTV2)

PTV1 (Gy) Dpf (Gy) PTV2 (Gy
RBE)

Dpf (Gy
RBE)

(n = 5)

50 2 18 3 68 1

54 2 18 3 72 1

50 2 24 3 74 2

50.4 1.8 24 3 74.4 1

Photons (PTV1) with Brachytherapy Boost (PTV2)

PTV1 (Gy) Dpf (Gy) PTV2 (Gy) Dpf (Gy) (n = 2)

50 2 15 5 65 2

Photons only (PTV1 and PTV2)

PTV1 (Gy) Dpf (Gy) PTV2 (Gy) Dpf (Gy) (n =
22)

46 2 10 2 56 1

46 2 14.4 1.8 60.4 1

48 2 – – 48 1

50 2 – – 50 1

50 2 8 2 58 2

50 2 13.8 2.3 63.8 1

50 2 16 2 66 8

50 2 22 2 72 2

50 2 24 2 74 1

50.4 1.8 9 1.8 59.4 3

54 1.8 72 (SIB) 2,4 (SIB) 72 1

Abbreviations: PTV1 planning target volume 1 = primary plan, PTV2 planning
target volume 2 = boost plan, Gy Gray, RBE relative biological effectiveness, Dpf
Dose per fraction, TD total dose, SIB simultaneous integrated boost
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In patients who received multi-modal treatment including
surgery and adjuvant radiotherapy, the 5-year OS was 84%
(10-year: 84%). The 5-year FFLP was 100% (10-year: 100%),
and the 5-year FFDP was 65% (10-year: 65%). One patient
underwent surgery and adjuvant C12 treatment. The follow-
up period was 20months. After this period, the patient had
not developed any FFLP (FFDP). Compared to surgery and
photon irradiation, FFLP was also 100% after 20months
(FFDP: 91%). The longest follow-up period for multi-modal
treatment with photon irradiation was 12.3 years. After this
period, FFLP was 75%. FFDP was 61% after 12.3 years.
All data is summarized in Table 6. All results for

OS in the different treatment groups are summarized
in Fig. 1. The FFLP and the FFDP are shown in Figs.
2 and 3, respectively.

Toxicity
After radiotherapy, acute toxicity was limited to CTCAE
grade 1 in 16 patients (52%). One patient (3%) showed
grade 2 toxicity, and one patient (3%) showed grade 3.
No toxicity data were available for 13 patients (42%).
Dysphagia, erythema, and mucositis were the most com-
monly observed symptoms and were well treatable. After
C12 radiotherapy (n = 7), mainly CTCAE grade 1 toxicity
was detected (5 patients / 72%). In one case (14%), the
food intake was aggravated by severe stomatitis (CTCAE
grade 4). There were no data available for one patient
(14%). After irradiation with photons, 11 cases of
CTCAE grade 1 toxicity (46%) and one case of grade 2

toxicity (4%) were documented (no data available for 12
patients / 50%). One female patient (4%) was diagnosed
with breast cancer 16 years after photon irradiation.

Discussion
Survival and local control
ACCs arise most often in the salivary glands. In cases of
the advanced tumor stage (T4), incomplete resection (R1,
R2), or perineural invasion (Pn1), studies suggest adjuvant
radiotherapy after surgery. In patients presenting with an
unresectable tumor and/or severe comorbidities, definitive
radiation therapy is indicated [15]. After multi-modal
treatment, the 5- and 10-year OS was 94 and 91%, re-
spectively. After definitive radiotherapy, the 5- and 10-
year OS was up to 56 and 43%, respectively [16, 17].
ACC of the trachea is a very rare and slow-growing

cancer that arises from the mixed seromucinous glands
in the trachea. Therefore, only a few retrospective stud-
ies (particularly after radiation treatment) have been
published to date. The published studies showed a good
5-year OS rate (> 70%) [18, 19]. These results are com-
parable with the OS in our study (5-year OS: 95%; 10-
year OS: 81%). A complete R0 resection is considered
the gold standard in treating tracheal ACC. Due to the
infiltrative growth of ACCs into the surrounding tissue,
incomplete resection margins are often observed follow-
ing surgery. According to the literature, positive resec-
tion margins after surgery occur in 8–82% of all cases [6,
19, 20]. In our study, 55% (n = 11) of the operated pa-
tients had a microscopic (R1) or macroscopic residuum
(R2). Although two published studies showed no signifi-
cant difference in the OS of patients following com-
pletely or incompletely resected ACCs, these results
must be discussed critically [1, 18]. Both published stud-
ies are based on a retrospective analysis of a few patients
with ACC. In addition, the rate of adjuvant radiotherapy
was different in these two studies. Adjuvant radiotherapy
was performed in 75% / 100% of patients after incom-
plete resection. Only 33% / 0% of the patients received
postoperative radiotherapy in the group of completely
resected patients [1, 18]. In our study, 100% of the pa-
tients with incomplete resection (R1/2) received adju-
vant radiotherapy and 22% with complete resection (R0)
received adjuvant radiotherapy. Therefore, postoperative
radiation after incomplete resection may be a possible
explanation for the non-significant differences in OS fol-
lowing incomplete resection versus complete resection.
In contrast, published data from the Massachusetts Gen-
eral Hospital in Boston showed survival benefit in pa-
tients with negative resection margins. In total, 91% of
the patients had positive margins (tracheal, radial, or
both), and only 9% had negative margins [19]. Further-
more, radiation treatment was confirmed in only 82% of
the patients, while 17 patients with positive margins

Table 6 Treatment method and survival

Surgery
alone

Multi-modal treatment Radiotherapy
alone

Overall

Surgery
+ C12

Surgery +
photons

C12 Photons

OS 1-
year

100 100 92 100 100 95

5-
year

100 n.a. 92 n.a. 100 95

10-
year

80 n.a. 82 n.a. 83 81

FFLP 1-
year

100 100 100 100 100 100

5-
year

100 n.a. 100 n.a. 86 96

10-
year

100 n.a. 100 n.a. 43 83

FFDP 1-
year

100 100 91 100 91 94

5-
year

80 n.a. 61 n.a. 76 69

10-
year

60 n.a. 61 n.a. 38 53

Abbreviations: FFDP freedom from distant progression, FFLP freedom from local
progression, n.a. not available, OS overall survival
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received no adjuvant radiation treatment. In our study,
we found no significant prognostic factors for survival
and/or LC. The small number of patients, the inhomo-
geneous treatment, and the different follow-up times of
the subgroups could explain this. Other authors have
identified tumor size, tumor location, age, surgery as an
initial treatment, Pn, type of radiation, and radiation
dose as possible prognostic factors for survival and/or
LC [19–21]. Most of the patients in the current study
presented with locally advanced, stage 4 ACC (61%).
Case reports suggest argon plasma coagulation (APC)

and chemotherapy as alternative treatment options [22,
23]. However, APC is only suitable for the palliative
tumor stage, and chemotherapy alone seems to be inef-
fective [24]. Previous studies recommend surgery as the
best treatment of choice [1, 6].
However, in functionally and/or technically inoperable

patients, definitive radiotherapy is a good therapeutic al-
ternative. Some studies have shown significantly worse
outcomes with only 12–17% 5-year survival rates in pa-
tients after definitive radiation treatment compared to
surgery [25]. However, French data from 2018 show no

Fig. 1 Cumulative overall survival (OS) in years

Fig. 2 Freedom from local progression (FFLP) in years
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significant difference between operated and non-
operated patients, with 5-year survival rates of 82 and
86% [21]. In the current study, the 5- and 10-year OS
rates were not significantly different between surgery
followed by adjuvant radiation treatment (5-year: 92%,
10-year: 82%) and definitive radiotherapy (5-year: 100%,
10-year: 83%). Furthermore, the 5-year-FFLP was not
significantly improved in patients who underwent defini-
tive surgery (100%) compared to those who underwent
radiotherapy alone (87%). But again, the results have to
be considered with caution. Due to the retrospective
evaluation of only a few patients and the different
follow-up times of the sub-groups, there may be a bias
in favor of radiotherapy. Furthermore, as patients with
advanced tumor stages and a poor Karnofsky index are
treated with definitive radiation, there is also a possible
survival bias in favor of surgery.
Particularly in patients who present with inoperable

tracheal ACC, dose escalation with C12 is an option to
improve tumor control, OS, and side effects. In addition
to chordomas and chondrosarcomas, ACCs are one of
the tumor entities that may benefit from escalation ther-
apy with protons, neutrons, or C12. Furthermore, pro-
spective studies have shown an advantage of hadrons
over photons for the treatment of ACC originating in
the salivary glands [26]. Data from 58 patients with ACC
of the head and neck showed significantly better LC,
progression-free survival (PFS), and OS at 5 years in the
group with C12 boosts (59.6, 48.4, and 76.5%, respect-
ively) compared to the photon only group (39.9, 27, and
58.7%, respectively) [27]. The median follow-up was 74
months in the C12 group and 63months in the photon
group. Overall, 90% of patients in the C12 group and

94% of those in the photon group had a T4 tumor. All
patients had macroscopic residual tumors at the start of
treatment. There was no significant difference in OS be-
tween patients who had subtotal resection and inoper-
able ACC [27]. Our results confirm the advantage of C12

irradiation compared to photon irradiation with regard
to improved local (FFLP) and distant (FFDP) control.
The physical and biological advantages of carbon ion
beam therapy allow a dose escalation in the tumor (cu-
mulative median dose in the current study: carbon ions:
72 Gy, photons: 66 Gy) without higher doses to the sur-
rounding normal tissue. Therefore, the tumor control
probability (TCP) is higher without increasing the nor-
mal tissue complication probability (NTCP). In addition,
the higher relative biological effectiveness (RBE) yields
to heavier DNA damage [28].

Toxicity
Overall, radiotherapy was well tolerated. The acute toxic-
ities were mainly limited to CTCAE grades 1 and 2 with
favorable outcomes. No ulceration, fistulation, or necrosis
was reported after radiation treatment. Sixteen years after
photon irradiation, one patient (3%) was diagnosed with a
secondary malignant tumor. This might be a long-term
complication after radiotherapy, as the risk for secondary
malignant tumors is known to be increased [29]. However,
breast cancer is the most common tumor in women. The
lifetime risk for breast cancer is much higher compared to
the risk for secondary malignancy after radiation treat-
ment. Therefore, a random occurrence of breast cancer
cannot be excluded. It can be speculated that the inci-
dence of secondary malignancies might be decreased by
using C12 due to the physical advantages with lower

Fig. 3 Freedom from distant progression (FFDP) in years
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integral doses in the normal tissue compared to radiation
treatment with photons.

Limitations
ACCs are very rare tumors of the central bronchial sys-
tem. The present study retrospectively evaluates the
relatively small number of 38 patients presenting with a
primary ACC of the trachea. Due to the heterogeneity of
the group and the different follow-up times of the sub-
groups, the Kaplan–Meier method is susceptible to bias.
Furthermore, comparison between the groups is difficult
(for example, definitive surgery versus definitive radio-
therapy or irradiation with C12 versus irradiation with
photons). As ACCs are characterized by a slow growth
rate, short follow-up times, particularly for the C12

group, may lead to an underestimated progression rate
of the tumor. However, a longer follow-up and a bigger
sample size are needed to minimize potential errors.

Conclusions
Primary ACC of the trachea differs from NSCLC in
many ways. Although most patients are first diagnosed
as being in an advanced tumor stage, the long-term
prognosis is favorable if surgery is performed. In cases of
an incomplete resection, good OS can still be expected if
an adjuvant radiotherapy as part of a multi-modal treat-
ment approach was employed. In patients presenting
with an unresectable tumor and/or severe comorbidities,
definitive radiotherapy is indicated. For radiotherapy, ir-
radiation with C12 shows promising first results with re-
gard to OS and local (FFLP) and distant (FFDP) control
compared to standard irradiation with photons. How-
ever, more data is needed to prove the long-term advan-
tages of C12 over photons.

Abbreviations
ACC: Adenoid cystic carcinoma; APC: Argon plasma coagulation;
CTCAE: Common Terminology Criteria for Adverse Events; FFDP: Freedom
from distant progression; FFLP: Freedom from local progression;
IMRT: Intensity-modulated radiation therapy; LC: Local control; M: Distant
metastases; NSCLC: Non-small cell lung cancer; NTCP: Normal tissue
complication probability; OS: Overall survival; PFS: Progression-free survival;
Pn: Perineural invasion; PTV: Planning target volume; RBE: Relative biological
effectiveness; SCC: Squamous cell carcinomas; TCP: Tumor control probability

Acknowledgements
The authors would like to thank Prof. Dr. Hendrik C. Dienemann (formerly:
Department of Thoracic Surgery, Thoraxklinik, Heidelberg University Hospital)
and Prof. Dr. Hans Hoffmann (currently: Department of Thoracic Surgery,
University Hospital, Technical University of Munich).

Authors’ contributions
MU and SR designed the study. FL, NB, and TM provided the data. BAH
analyzed the data and wrote the manuscript. HW, JD, KH, ME, MU, SA, and
SR and revised the manuscript critically for important intellectual content. All
authors approved the version of the manuscript to be published.

Funding
We acknowledge financial support by Deutsche Forschungsgemeinschaft
within the funding programme Open Access Publishing, by the Baden-

Württemberg Ministry of Science, Research and the Arts and by Ruprecht-
Karls-Universität Heidelberg.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The ethics committee of the Heidelberg University Hospital approved the
retrospective data analysis (S-174/2019).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Thoracic Surgery, Thoraxklinik, Heidelberg University Hospital,
Röntgenstraße 1, 69126 Heidelberg, Germany. 2Institute of Pathology,
Heidelberg University Hospital, Im Neuenheimer Feld 224, 69120 Heidelberg,
Germany. 3Translational Research Unit, Thoraxklinik, Heidelberg University
Hospital, Member of the German Center for Lung Research, Röntgenstraße 1,
69126 Heidelberg, Germany. 4Translational Lung Research Center (TLRC),
Member of the German Center for Lung Research (DZL), Im Neuenheimer
Feld 156, 69120 Heidelberg, Germany. 5Department of Radiation Oncology,
Heidelberg University Hospital, Im Neuenheimer Feld 400, 69120 Heidelberg,
Germany. 6National Center for Radiation Oncology (NCRO), Heidelberg
Institute for Radiation Oncology (HIRO), 69120 Heidelberg, Germany. 7Heavy
Ion Therapy Center (HIT), Heidelberg University Hospital, 69120 Heidelberg,
Germany. 8Department of Radiation Oncology and Radiation Therapy,
Heidelberg University Hospital, Im Neuenheimer Feld 400, 69120 Heidelberg,
Germany.

Received: 25 April 2019 Accepted: 25 June 2019

References
1. Maziak DE, Todd TR, Keshavjee SH. Adenoid cystic carcinoma of the airway:

thirty-two-year experience. J Thorac Cardiovasc Surg. 1996;112:1522–31.
2. Urdaneta AI, Yu JB, Wilson LD. Population based cancer registry analysis of

primary tracheal carcinoma. Am J Clin Oncol. 2011;34:32–7.
3. Junker K. Pathology of tracheal tumors. Thorac Surg Clin. 2014;24:7–11.
4. Leitlinienprogramm Onkologie (Deutsche Krebsgesellschaft, Deutsche

Krebshilfe, AWMF): Prävention, Diagnostik, Therapie und Nachsorge des
Lungenkarzinoms. 2018. http://leitlinienprogramm-onkologie.de/
Lungenkarzinom.98.0.html. Accessed 22 Feb 2019.

5. Bhattacharyya N. Contemporary staging and prognosis for primary
tracheal malignancies: a population-based analysis. Otolaryngol Head
Neck Surg. 2004;131:639–42.

6. Gaissert HA, Grillo HC, Shadmehr MB, et al. Long-term survival after
resection of primary adenoid cystic and squamous cell carcinoma of the
trachea and carina. Ann Thorac Surg. 2004;78:1889–96.

7. Combs SE, Jäkel O, Haberer T, Debus J. Particle therapy at the
Heidelberg ion therapy center (HIT) - integrated research-driven
university-hospital-based radiation oncology service in Heidelberg.
Germany Radiother Oncol. 2010;95:41–4.

8. Jensen AD, Münter MW, Debus J. Review of clinical experience with ion
beam radiotherapy. Br J Radiol. 2011;84:S35–47.

9. Adeberg S, Harrabi SB, Verma V, Bernhardt D, Grau N, Debus J, Rieken S.
Treatment of meningioma and glioma with protons and carbon ions. Radiat
Oncol. 2017;12:193.

10. Uhl M, Mattke M, Welzel T, Roeder F, Oelmann J, Habl G, Jensen A, Ellerbrock
M, Jäkel O, Haberer T, Herfarth K, Debus J. Highly effective treatment of skull
base chordoma with carbon ion irradiation using a raster scan technique in
155 patients: first long-term results. Cancer. 2014;120:3410–7.

11. Durante M, Debus J. Heavy charged particles: does improved precision and
higher biological effectiveness translate to better outcome in patients?
Semin Radiat Oncol. 2018;28:160–7.

12. Lühr A, von Neubeck C, Pawelke J, Seidlitz A, Peitzsch C, Bentzen SM,
Bortfeld T, Debus J, Deutsch E, Langendijk JA, Loeffler JS, Mohan R,

Högerle et al. Radiation Oncology          (2019) 14:117 Page 8 of 9

http://leitlinienprogramm-onkologie.de/Lungenkarzinom.98.0.html
http://leitlinienprogramm-onkologie.de/Lungenkarzinom.98.0.html


Scholz M, Sørensen BS, Weber DC, Baumann M, Krause M.
"Radiobiology of proton therapy": results of an international expert
workshop. Radiother Oncol. 2018;128:56–67.

13. Uhl M, Herfarth K, Debus J. Comparing the use of protons and carbon ions
for treatment. Cancer J. 2014;20:433–9.

14. Ju J, Li Y, Chai J, Ma C, Ni Q, Shen Z, Wei J, Sun M. The role of
perineural invasion on head and neck adenoid cystic
carcinomaprognosis: a systematic review and meta-analysis. Oral Surg
Oral Med Oral Pathol Oral Radiol. 2016;122:691–701.

15. Orlandi E, Iacovelli NA, Bonora M, Cavallo A, Fossati P. Salivary gland. Photon
beam and particle radiotherapy: present and future. Oral Oncol. 2016;60:146–56.

16. Mendenhall WM, Morris CG, Amdur RJ, Werning JW, Hinerman RW, Villaret
DB. Radiotherapy alone or combined with surgery for adenoid cystic
carcinoma of the head and neck. Head Neck. 2004;26:154–62.

17. van Weert S, Bloemena E, van der Waal I, de Bree R, Rietveld DH, Kuik
JD, Leemans CR. Adenoid cystic carcinoma of the head and neck: a
single-center analysis of 105 consecutive cases over a 30-year period.
Oral Oncol. 2013;49:824–9.

18. Regnard JF, Fourquier P, Levasseur P. Results and prognostic factors
in resections of primary tracheal tumors: a multicenter retrospective
study. The French Society of Cardiovascular Surgery. J Thorac
Cardiovasc Surg. 1996;111:808–13.

19. Honings J, Gaissert HA, Weinberg AC, Mark EJ, Wright CD, Wain JC,
Mathisen DJ. Prognostic value of pathologic characteristics and
resection margins in tracheal adenoid cystic carcinoma. Eur J
Cardiothorac Surg. 2010;37:1438–44.

20. Lee JH, Jung EJ, Jeon K, Koh WJ, Suh GY, Chung MP, Kim H, Kwon OJ, Shim
YM, Kim J, Han J, Um SW. Treatment outcomes of patients with adenoid
cystic carcinoma of the airway. Lung Cancer. 2011;72:244–9.

21. Levy A, Omeiri A, Fadel E, Le Péchoux C. Radiotherapy for tracheal-bronchial
cystic adenoid carcinomas. Clin Oncol (R Coll Radiol). 2018;30:39–46.

22. Ly V, Gupta S, Desoto F, Cutaia M. Tracheal squamous cell carcinoma
treated endoscopically. J Bronchology Interv Pulmonol. 2010;17:353–5.

23. Suzuki T. What is the best management strategy for adenoid cystic
carcinoma of the trachea? Ann Thorac Cardiovasc Surg. 2011;17:535–8.

24. Pappo O, Gez E, Craciun I, Zajicek G, Okon E. Growth rate analysis of
lung metastases appearing 18 years after resection of cutaneous
adenoid cystic carcinoma. Case report and review of the literature. Arch
Pathol Lab Med. 1992;116:76–9.

25. Le Péchoux C, Baldeyrou P, Ferreira I, Mahé M. Thoracic adenoid cystic
carcinomas. Cancer Radiother. 2005;9:358–61.

26. Stannard C, Vernimmen F, Carrara H, Jones D, Fredericks S, Hille J, de Kock
E. Malignant salivary gland tumours: can fast neutron therapy results point
the way to carbon ion therapy? Radiother Oncol. 2013;109:262–8.

27. Jensen AD, Nikoghosyan AV, Poulakis M, Höss A, Haberer T, Jäkel O, Münter
MW, Schulz-Ertner D, Huber PE, Debus J. Combined intensity-modulated
radiotherapy plus raster-scanned carbon ion boost for advanced adenoid
cystic carcinoma of the head and neck results in superior locoregional
control and overall survival. Cancer. 2015;121:3001–9.

28. Rong Y, Welsh J. Basics of particle therapy II biologic and dosimetric aspects
of clinical hadron therapy. Am J Clin Oncol. 2010;33:646–9.

29. Braunstein S, Nakamura JL. Radiotherapy-induced malignancies: review
of clinical features, pathobiology, and evolving approaches for
mitigating risk. Front Oncol. 2013;3:73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Högerle et al. Radiation Oncology          (2019) 14:117 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Results
	Treatment
	Survival and local control
	Toxicity

	Discussion
	Survival and local control
	Toxicity

	Limitations
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

