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Dosimetric Results of Postoperative Tomodirect 
Radiotherapy of Keloid on Ear Cartilage
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In radiotherapy following surgical excision of a keloid, radiation has been delivered using vari-
ous techniques, doses, and fractions. TomoDirect (TD) is a static delivery mode of TomoTherapy 
(Accuray, Sunnyvale, CA, USA), allowing for the use of a fixed gantry angle in place of rotational 
beam delivery. Described in the present report is the first instance of TD used for postoperative 
radiotherapy of keloid scar. A 21-year-old woman presented with keloid scar that had developed 
and gradually progressed on the left ear cartilage following a piercing 2 years prior. The patient un-
derwent TD radiotherapy with 2 tangential beams 33 hours after excision. Dose to planning target 
volume (PTV) was 15 Gy in 3 fractions of 5.0 Gy daily, every other day, and V95 was 100%. Mean 
dose of left parotid was 0.21 Gy, and maximum doses of brain and left lens were 0.34 Gy and 0.02 
Gy, respectively. Optimal dose and technique for safe and effective postoperative keloid radiation 
therapy are unclear and depend upon keloid area and size. Treatment of keloid on ear or other sites 
with TD radiotherapy may be an optimal strategy. 
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Introduction 

Keloids are fibroma-like lesions characterized by pro-
gressive fibrosis arising from abnormal healing response 
to skin injury, and do not spontaneously regress.[1] Ke-
loids most frequently occur on the ear lobe. Radiother-
apy following surgical excision of a keloid is a treatment 
modality widely used to prevent regrowth of the tissue, 
and the radiation has been delivered using various tech-
niques, doses, and fractions, including external-beam 
radiotherapy with electrons, low- or high-dose-rate 
brachytherapy, or Sr-90 brachytherapy.[2–6] TomoDi-
rect (TD) is a static delivery mode of TomoTherapy (Ac-
curay, Sunnyvale, CA, USA), allowing for the use of a 
fixed gantry angle in place of rotational beam delivery. 
Described in the present report is the first instance of 

TD postoperative radiotherapy of keloid scar. Written 
informed consent was obtained.

Case Report

In December 2015, a 21-year-old woman presented 
with a keloid scar that had developed and gradually pro-
gressed on the cartilage of the left ear following a pierc-
ing 2 years prior (Figure 1a). The lesion was approxi-
mately 18×15 mm. The patient underwent therapeutic 
scar excision (Figure 1b), and upon reexamination 24 
hours after surgery, the incision site was marked with 
fiducial markers. The patient was immobilized with a 
thermoplastic head mask and underwent computed 
tomography (CT) simulation with 3-mm slice spac-
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therapy (EBRT) was administered using 2 TD tangen-
tial beams with 6-MV photon (Figure 2). Time interval 
between surgery and radiotherapy was 33 hours. Mini-
mum, maximum, and mean doses of PTV were 14.61 
Gy, 16.97 Gy, and 15.67 Gy, respectively (Figure 3). V95 
(the percentage of target volume receiving ≥95% of pre-
scribed dose) was 100%. Mean dose of left parotid was 
0.21 Gy, and maximum doses of brain and left lens were 
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ing, preliminary to radiotherapy. The incision site, as 
the clinical target volume (CTV), CTV+ 1 mm as the 
planning target volume (PTV), and the brain, left pa-
rotid gland, and left lens, as the organs at risk, were de-
fined and contoured. Dose to PTV was prescribed as 15 
Gy in 3 fractions of 5.0 Gy daily, every other day. Beam 
angles were arranged to cover CTV and to minimize 
doses to normal critical structures. TD plan was devel-
oped to include a 5.048-cm fixed field, a pitch of 0.5, 
and a modulation factor of 2.0. External beam radiation 
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Fig. 1. (a) Keloid scar on left ear cartilage. (b) Incision 
site 24 hours after surgery.

Fig. 2. TomoDirect plan with 2 tangential beams.

Fig. 3. Dose-volume histogram of planning target volume and critical structures.
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0.34 Gy and 0.02 Gy, respectively (Figure 4). No acute 
side effect of radiation was observed upon examination 
following radiation therapy.

Discussion

Radiotherapy following surgical excision is a widely used 
treatment modality because keloid scars are particularly 
refractory to most other therapeutic modalities. The ra-
diation has been delivered with various techniques, dos-
es, and fractions. Ogawa et al.[7] postoperatively treated 
patients with electron-beam irradiation. Rösler et al.[8] 
used low-energy x-rays, strontium 90, or electrons. Lo et 
al.[9] used single-fraction radiation with variable doses 
and electron energies ranging from 1.5 to 3.5 MeV. Op-
timal dose fractionation schedule, radiotherapy energy, 
and time interval between surgery and radiotherapy 
have yet to be confirmed. Ogawa et al.[11] suggested 
that postoperative radiation therapy of 10 to 20 Gy de-
livered as 5 Gy per fraction are safe and efficient means 
of keloid treatment in adult patients. In a dose–effect 
analysis, Kal and Veen[10] concluded that recurrence 
rate was <10% when biologically effective dose values 
were higher than 30 Gy, and that radiation treatment 
should be administered within 2 days of surgery. In the 
present case, radiation therapy was performed with 15 
Gy in 3 fractions, 33 hours after excision. In a review, 
Flickinger[11] reported that postoperative EBRT had 
been performed with 45–100 kV x-rays in 27.0% of cas-
es, 1.5–9 MeV electrons in 26.5%, 120–250-kV x-rays 

in 11.1%, Sr-90 in 4.7%, and Co-60 in 1.9% of cases. It 
was concluded that lower rates of resected keloid recur-
rence followed deeper-penetrating radiotherapy such as 
electron or Co-60. By using 6-MV-based TD technique, 
better local control and lower dose to normal structures 
was achieved in the present case, as was excellent target 
dose coverage, with almost no dose to surrounding tis-
sues. 

Conclusion

Optimal dose and technique for safe and effective post-
operative radiation therapy are unclear, and depend 
upon keloid area and size. TD radiotherapy may be the 
optimal treatment of keloid scar on the ear or other sites. 
However, large, randomized, controlled trials are neces-
sary to determine optimal dose fractionation and tech-
nique.

Disclosure Statement

The authors declare no conflicts of interest.

References

1. Arıcan A, Özsaran Z, Yalman D, Anacak Y, Haydaroğlu 
A. Evaluation of four ear and ear lobe keloid cas-
es treated with postoperative brachytherapy. Türk 
Onkoloji Dergisi 1998;13(4):160–2.

2. Kim K, Son D, Kim J. Radiation Therapy Following 
Total Keloidectomy: A Retrospective Study over 11 
Years. Arch Plast Surg 2015;42(5):588–95. 

3. Shen J, Lian X, Sun Y, Wang X, Hu K, Hou X, et al. 
Hypofractionated electron-beam radiation therapy for 
keloids: retrospective study of 568 cases with 834 le-
sions. J Radiat Res 2015;56(5):811–7. 

4. Sobec R, Dobreanu C, Fodor L, Şomcutean A, Ţichil I, 
Cosgarea M. Ear keloids: a review and update of treat-
ment options. Clujul Med 2013;86(4):313–7. 

5. van Leeuwen MC, Stokmans SC, Bulstra AE, Meijer 
OW, Heymans MW, Ket JC, et al. Surgical Excision 
with Adjuvant Irradiation for Treatment of Keloid 
Scars: A Systematic Review. Plast Reconstr Surg Glob 
Open 2015;3(7):e440. 

6. Huhn JL, Johnson EL, St Clair W. Adjuvant radiation 
of bilateral postauricular keloids: an illustration of 
technique. Med Dosim 2007;32(4):278–80.

7. Ogawa R, Mitsuhashi K, Hyakusoku H, Miyashita T. 
Postoperative electron-beam irradiation therapy for 
keloids and hypertrophic scars: retrospective study of 
147 cases followed for more than 18 months. Plast Re-

Fig. 4. Dose painting of TomoDirect plan.



constr Surg 2003;111(2):547–55.
8. Rösler HP, Zapf S, Kuffner HD, Wissen-Siegert I, 

Kutzner J. Radiotherapy in scar-induced keloid. [Ar-
ticle in German] Fortschr Med 1993;111(4):46–9. [Ab-
stract]

9. Lo TC, Seckel BR, Salzman FA, Wright KA. Single-
dose electron beam irradiation in treatment and pre-
vention of keloids and hypertrophic scars. Radiother 

Oncol 1990;19(3):267–72.
10. Kal HB, Veen RE. Biologically effective doses of 

postoperative radiotherapy in the prevention of ke-
loids. Dose-effect relationship. Strahlenther Onkol 
2005;181(11):717–23.

11. Flickinger JC. A radiobiological analysis of multi-
center data for postoperative keloid radiotherapy. Int 
J Radiat Oncol Biol Phys 2011;79(4):1164–70. 

Teke et al.
Dosimetric results of postoperative TomoDirect radiotherapy of keloid on ear cartilage

29


