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Desmoid tumors are benign, but may have a locally invasive tendency that commonly results in local
recurrence. Most occur on the body trunk or extremities, whereas a head and neck desmoid tumor is rel-
atively rare. The efficacy of radiotherapy has been suggested and 50–60 Gy is used for unresectable or
recurrent desmoid tumors, but there are few reports of use of particle beam therapy. However, since this
tumor occurs more often in younger patients compared to malignant tumors and the prognosis is favor-
able, there may be an advantage of this therapy. We treated a male patient with a head and neck recur-
rent desmoid tumor with proton beam therapy (PBT) at a dose of 60 Gy (RBE). This patient underwent
surgical resection as initial treatment, but the tumor recurred only six months after surgery, and resec-
tion was performed again. After PBT, the tumor gradually shrank and complete remission has been
achieved for 10 years without any severe late toxicity. Here, we report the details of this case, with a
review of the literature. We suggest that PBT may reduce the incidence of second malignant tumors
by reducing the dose exposure around the planning target volume.
� 2020 Published by Elsevier B.V. on behalf of European Society for Radiotherapy and Oncology. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Desmoid tumor is a rare tumor that accounts for less than 3% of
all soft tissue tumors. Desmoid tumors do not metastasize, but do
have a high tendency for local invasion [1]. Surgery is the first-
choice treatment and radiotherapy of 50–60 Gy is also a treatment
option for cases that are inoperable or have postoperative recur-
rence [2]. In this article, we report successful use of proton beam
therapy (PBT) for long-term control of a postoperative recurrent
desmoid tumor of the neck that had shown a tendency to increase
in size.
2. Case

A 69-year-old man received PBT for a recurrent cervical des-
moid tumor at our hospital. He or his family did not experienced
colorectal adenoma or adenocarcinoma. He had become aware of
a right cervical mass in 64 years old. The mass slowly increased
in size and numbness in the right shoulder progressed. He visited
an otorhinologist and the mass was diagnosed as a desmoid tumor
at the C3-C6 cervical vertebrae. Tumor resection was performed in
same years. However, about 6 months after surgery, the tumor
began to increase in size. Surgical resection with the sternocleido-
mastoid muscle was performed in 66 years old by orthopedists in
our hospital. The pathological diagnosis was desmoid-type fibro-
matosis. The surgical margin was unclear and residual tumor was
not clearly found.

About 1 year later the tumor had regrown and that another year
later he had right neck pain and a pressing feeling. Further surgical
resection was impossible because the tumor was adjacent to the
carotid artery and had widely infiltrated vertebral bodies. There-
fore, PBT was recommended, because at that time, IMRT was not
common in Japan, and it was impossible to deliver enough dose
to the tumor keeping tolerance dose to spinal cord with three
dimensional radiotherapy. Prior to PBT (Fig. 1) the tumor extended
from the level of the bifurcation of the right common carotid artery
to the entrance to the thorax at the Th2 level, with wide infiltration
of vertebral bodies and compression of the right internal carotid

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ctro.2020.12.004&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ctro.2020.12.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mizumoto@pmrc.tsukuba.ac.jp
https://doi.org/10.1016/j.ctro.2020.12.004
http://www.sciencedirect.com/science/journal/24056308
http://www.elsevier.com/locate/ctro


Fig. 1. MRI of the desmoid tumor before proton beam therapy. (a) Axial T2-weighted image. (b) Coronal contrast-enhanced T1-weighted image. (c) Sagittal contrast-
enhanced T1-weighted image.
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artery outward. The tumor size was 110 mm vertically and up to
40 mm horizontally.

PBT was administered at a total dose of 60 Gy (relative biolog-
ical effectiveness (RBE)) in 30 fractions. The dose distribution is
shown in Fig. 2. We define Clinical tumor volume (CTV) as equal
to gross tumor volume (GTV). Margins of 1.3 cm were added to
give the planning target volume (PTV). Treatment beams were
delivered with 3 ports. Eight months after PBT, the tumor had
shrank to 70 mm vertically and continued to shrink gradually
(Fig. 3b). No recurrent tumor was detected on MRI in 78 years
old (Fig. 3c), and he has been in complete remission for 10 years.
Grade 2 dermatitis and pharyngitis occurred as acute adverse
events, with no late adverse events. These doses were calculated
assuming the RBE to be 1.1 [3].

3. Discussion

Desmoid tumors occur most often between the ages of 15 and
60, with a peak at 30 to 40 years old [1,4,5]. The tumor is benign
Fig. 2. Irradiation plan for proton beam therapy. Three beams were used for irradiation. T
(RBE)/30 fr.
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and does not metastasize, but can invade nearby tissue aggres-
sively and often painfully. Some desmoid tumors do not increase
in size and 20% decrease naturally [6,7], but some grow rapidly
and local recurrence is common because of the lack of a capsule
and infiltrative growth [8]. Desmoid tumors arise from connective
tissues and occur in many body regions, but most are found in the
extremities, abdominal wall and chest wall, and particularly in the
abdominal cavity and abdominal wall in patients with familial ade-
nomatous polyposis [8].

Head and neck (H&N) desmoid tumors are relatively rare. In the
EORTC (European Organization for Research and Treatment of Can-
cer) study, 44 desmoid tumors were analyzed, but only one was a
H&N tumor [9]. In studies by Spear et al. [2] and Guadagnolo et al.
[10] the H&N desmoid rates were 5/107 and 16/115, respectively.
The local recurrence rate is 16–33%, even after complete surgical
resection [4,11–13], and a large surgical margin was originally
thought to be necessary to achieve local control [11,12]. Therefore,
treatment of progressive desmoid tumor is difficult, although some
studies have suggested no significant relationship between the
he CTV was defined as equal to the GTV and was irradiated with a total dose of 60 Gy



Fig. 3. MRI showing the course after proton beam therapy. (a) Coronal short TI inversion recovery image before PBT. (b) Coronal contrast-enhanced T1-weighted image
8 months after PBT. (c) Coronal short TI inversion recovery image 8 years and 8 months after PBT.

Table 1
Reported cases of use of particle beam therapy for desmoid tumors, including this case.

Author Patient TumorLocation Radiation qualityTotal dose Previous treatment Outcome

Nagata et al.(2016) 39 years old Male Abdominal wall Proton50 Gy(RBE)/25fr Surgery(Once) PR(two years follow)
Kil et al.(2012) 36 years old Female Right flank Proton50 Gy(RBE)/25fr Surgery(Once) CR(two years follow)
This case 69 years old Male Right cervical Proton60 Gy(RBE)/30fr Surgery(Twice) CR(ten years follow)

*Seidensaal et al. reported 44 radiotherapy cases, including 15 treated with proton beams and 1 with a carbon beam, with 3-/5-year PFS of 72.3%/58.4% (median follow-up
32 months, median dose 54 Gy).
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surgical margin and local control rate [6,14,15]. Treatment is par-
ticularly challenging for an aggressive H&N desmoid tumor
because complete resection is difficult. de Bree et al. reported
resection with a microscopically free surgical margin in 38–55%
of adult cases [8]. Localization near the branchial plexus, involve-
ment of the deep cervical fossa, and tumors in skin of head were
more likely to have positive margin [8].

Radiotherapy is a treatment option for recurrent or unre-
sectable desmoid tumor, and the recommended dose is around
60 Gy. Spear et al. suggested 60–65 Gy for a desmoid gross tumor
and 50–60 Gy for a microscopic residual tumor as optimal doses
for radiotherapy [2]. In 115 cases, Guadagnolo et al. found no
advantage for the tumor control rate at a dose >56 Gy, and adverse
events such as soft tissue necrosis and edema increased by dose
escalation to >56 Gy [10]. A prospective phase II study
(EORTC62991-22998) showed a 3-year local control rate of 81.5%
with 56 Gy in 28 fractions [9], while Guadagnolo et al. reported a
10-year local control rate of 75% [10]. These results suggest that
moderate-dose radiotherapy is effective for desmoid tumors.

Baumert et al. found that half of recurrences after radiotherapy
for desmoid tumors are outside the irradiation field and in the PTV
and vicinity of the PTV [15]. Therefore, a wide margin is recom-
mended: the CTV margin needs to be �5 cm along the muscle
fibers when the gross tumor volume (GTV) is the tumor area evi-
dent on imaging [2,11,15,16]. The protocol of the ERTOG trial also
set a margin of 5 cm in the direction along muscle fibers and 2 cm
in all other directions [9]. However, such a large irradiation field is
not suitable for cervical desmoid tumors [8]. In our case, the CTV
margin was limited to the gross tumor due to the adjacency of
the laryngopharynx and spinal cord to the tumor, but long-term
local control was achieved with a good therapeutic effect and no
adverse effects.

Desmoid tumors are most common at age 15 to 60 years old [1].
The prognosis of a desmoid tumor depends on site, growth and
34
treatment, but most tumors are not life-threatening. However,
for younger people, the risk of secondary cancer is a significant
problem. Recent progress of radiotherapy has made it possible to
avoid risk organs such as the spinal cord and parotid gland by using
intensity modulated radiotherapy (IMRT). There are very few
reports of secondary cancer after radiotherapy for a desmoid tumor
[10]. However, many studies have compared the dose distribution
and risk of secondary cancer after PBT and IMRT, and all have sug-
gested that PBT can reduce the secondary cancer risk [17–22].

Studies using particle beams for recurrent desmoid tumor after
surgical resection have reported favorable results, including for
tumors of the abdominal wall by Nagata et al. [23,24] and of the
right flank by Kil et al. [25]. There are few reports of particle beam
therapy for desmoid tumors: a search for ‘‘Proton/Carbon therapy,
Desmoid” in PubMed yielded only three reports (Table 1). These
include Nagata et al. and Kil et al., plus a report by Seidenssal
et al. [26] of 44 radiotherapy cases, including 15 treated with
PBT and 1 with carbon ions (with reirradiation). The 3- and 5-
year progression-free survival rates were 72.3% and 58.4% with
median follow-up of 32 months and a median dose 54 Gy, but
the effects of particle types were not examined [26].

4. Conclusion

In conclusion, we experienced a case of long-term control of a
head and neck desmoid tumor using PBT. This case suggests that
PBT may be expected to favorable treatment considering secondary
malignancies and long-term surviva.
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