Case report

Novel method of combined photon beam
radiotherapy and brachytherapy for treatment of
extensive advanced scalp squamous cell carcinoma

Mostafa Farzin, MD'?, Romin Jaberi, PhD?, Fatemeh Jafari, MD?“, Mohsen Najafi, MSc?, Kasra Kolohdouzan, MD?4

IBrain and Spinal Cord Injury Research Center, Neuroscience Institute, Tehran University of Medical Sciences, Tehran, Iran, “Radiation

Oncology Research Center, Imam Khomeini Hospital Complex, Tehran University of Medical Sciences, Tehran, Iran, *Radiation Oncology

Department, Yas General Hospital, Tehran, Iran, “Department of Radiation Oncology, Cancer Institute, Imam Khomeini Hospital Complex,

Tehran University of Medical Sciences, Tehran, Iran

Abstract

Radiotherapy of extensive malignant scalp lesions has always been a challenge for radiation oncologists consider-

ing the proximity of critical structures.

We treated a 39-year-old patient with extensive scalp squamous cell carcinoma with application of adjuvant
concurrent chemoradiation and external beam radiation therapy (EBRT), followed by high-dose-rate (HDR) surface
brachytherapy boost using an exclusively designed mould, and assessed the radiation dose reaching planning target

volume, brain, and optic structures.

Comparison between conventional planning with sole EBRT and combined treatment planning with EBRT and
brachytherapy, assured the use of the latter treatment to avoid high radiation doses from reaching critical organs at
risk without compromising the required dose for planning target volume.
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Purpose

In 2018, non-melanoma skin cancer (NMSC) was the
second most prevalent cancer in the world [1], and cutane-
ous basal cell carcinomas (BCC) and squamous cell carcino-
mas (SCC) were the most common pathologic sub-groups
of this entity. The mainstay for treatment of NMSC is sur-
gery [2]. However, radiation therapy can be applied for
definitive treatment in patients who are unfit or reluctant
to undergo surgery [3]. Also, radiation is used as an adju-
vant treatment to surgery in cases of gross or microscopic
residual disease. Radiotherapy is suitable for NMSC un-
der the following conditions: 1. Treatment of primary tu-
mor, 2. Adjuvant to lesions with close or positive margins
after excision, 3. High-risk of recurrence after excision,
4. Recurrent tumors [4].

Numerous benefits of high-dose-rate (HDR) brachy-
therapy over external beam radiation therapy (EBRT)
demonstrate HDR brachytherapy a more favorable meth-
od to deliver a higher dose of conformal radiation to
the skin, with minimum toxicity to the adjacent tissues
and better cosmetic results. Current brachytherapy tech-
niques for skin treatment include electronic brachyther-

apy, radionuclide brachytherapy, brachytherapy with
moulds or flaps, and interstitial brachytherapy [5]. HDR
brachytherapy with customized applicators has shown
to be highly efficient for complex scalp lesions [6]. This
report shares our experience of treating a patient with an
extensive scalp squamous cell carcinoma and bilateral
cervical lymphadenopathies, who was treated with adju-
vant EBRT followed by HDR brachytherapy boost to the
scalp through an exclusively designed mould.

All of the following information is reported with the
patient’s consent.

Case presentation

A 39-year-old man presented to the radiation oncol-
ogy clinic for surgeon’s consultation, requiring an ad-
juvant radiation to his scalp after extensive resection of
a primary scalp lesion.

Six years earlier, the patient had developed a scalp
lesion on the right parietal side and underwent a resec-
tion. The initial pathology report indicated squamous cell
carcinoma. After nearly 6 years of being disease-free, he
noted a new lesion on the same spot, which had dissem-
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Fig. 1. Exclusive mould created for brachytherapy of extensive scalp squamous cell carcinoma. A) Left lateral view, the anterior
portion of the mould is on the left side of the image. B) Vertex view, the anterior portion of the mould is on the left side of the

image

inated and involved almost all scalp tissue within one
month. On magnetic resonance imaging, a vegetative and
enhancing mass over the right parietal bone measuring
74 mm x 74 mm x 38 mm was noted, with suspicious
invasion to the external table of bone and adjacent bone
marrow. Multiple suspicious lymphadenopathies on the
left cervical levels 2 and 5 as well as the left occipital and
parotid regions were reported with short axis diameter
(SAD) of about 10 mm. A core needle biopsy of suspicious
lymph nodes indicated squamous cell carcinoma and lat-
er, the patient underwent an extensive scalp surgery for
resection of the lesions. The skin defect was covered with
a rotational flap and skin grafting.

The surgical pathology report indicated a 9-centi-
meter large tumor with 2.5 cm thickness, and the tumor
was classified as poorly differentiated SCC. The tumor
showed lymphovascular invasive features, but perineural
invasion was not detected. Deep margin of the excised tis-
sue was affected by the tumor; however, bone trabeculae
and intervening marrow were not involved. The surgeon
additionally resected two other suspicious lesions on the

Fig. 2. 3D illustration of brachytherapy catheters” spatial
configuration adjacent to planning treatment volume (in
green), brain (in yellow), and optical structures (optic
nerves in purple and orange, optic lenses in red and blue)
by HDR plus treatment planning system

right frontal and left parietal regions of the scalp. The for-
mer was reported to be actinic keratosis grade 3 (Bowen’s
disease), while the latter showed features of early invasive
SCC in a background of actinic keratosis with a thickness
of 2.2 mm and close medial margin (3 mm).

We intended to treat the patient with adjuvant radio-
therapy to a total dose of 66 Gy with 6 MV photons. How-
ever, it was soon realized that such a procedure would
require a significant brain volume to receive high radia-
tion doses. For this reason, plarming and treatment was
divided into two steps, including EBRT and brachyther-
apy (BT).

For EBRT treatment, the patient was immobilized
using U-shape thermoplastic head mask. A fine cut
(1 mm) computed tomography (CT) scan was acquired
and transferred to Eclipse 13 planning software (Eclipse,
Varian Medical Systems, USA). Clinical target volume
(CTV) was defined as the total thickness of skin down to
the periosteum of the skull bone. Also, a 10 mm radial
margin to the surgical scar was considered. Planning tar-
get volume (PTV) was delineated as CTV with a 5 mm
margin. Using 3D conformal radiotherapy, scalp (includ-
ing the graft tissue, tumor bed, and surgical scars) and
neck was irradiated with 6 MV photons to a cumulative
dose of 42 Gy in 21 daily fractions, including two right
and left lateral fields. The treatment of neck was contin-
ued for nine more fractions to a cumulative dose of 60 Gy
with 6 MV photons by 3D conformal radiation delivered
through two antero-posterior and postero-anterior fields
bilaterally to cover cervical nodal levels 2 to 5. The patient
received concurrent weekly cisplatin infusion, with a pre-
scribed dose of 35 mg/m?. EBRT treatment was delivered
by Elekta Compact linear accelerator.

For BT part of treatment, we prepared an exclusive
mould and inserted 21 brachytherapy catheters in a spe-
cific pattern (Figures 1 and 2). The mould was created
with a waxy material to cover all diseased scalp tissue,
and its thickness varied between 9 and 21 mm, depending
on the thickness of reconstructed scalp tissue in different
loci. Eight confronting pairs of catheters, with a distance
of about 1 cm from each other, were placed through fron-
toparietal part of the mould towards frontal and occipi-
tal directions, and 5 supplemental catheters were placed
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Fig. 3. Dose distribution curves in sagittal, coronal, and axial planes of simulated CT scan of the patient wearing the exclusive
mould in prone position. In this image, blue, red, and orange lines demonstrate V5, Viqy, and V;; (percent volume receiving

2 Gy), respectively

through occipitotemporal part of the mould to cover the
remaining scalp skin. The catheters had a constant dis-
tance from the upper surface of the mould.

Planning CT scan with 1 mm slice thickness was
acquired for patient with mould fixed in place with
a U-shape thermoplastic head mask in prone position.
Images were transferred to HDR plus planning system,
where catheters’ position was reconstructed (Figure 3).
A TG-43 task group algorithm was used for HDR
brachytherapy treatment planning. The patient received
high-dose-rate brachytherapy boost with Cobalt-60
MultiSource HDR brachytherapy unit (Eckert & Ziegler
BEBIG GmbH, Germany) to a total dose of 22.4 Gy in
8 once-daily fractions. Each treatment session lasted for
nearly thirty-two minutes. Considering an a/f} ratio of
10 Gy for tumor, the equieffective dose in 2 Gy per frac-
tion (EQD,) of the brachytherapy boost was calculated

to be 23.9 Gy, according to Dale et al. [7]. Therefore, the
patient received 66 Gy to the bed of the primary scalp le-
sion through combined radiotherapy with brachytherapy
boost without surpassing the radiation limit to the brain.

For better comprehension of the advantages of
brachytherapy boost treatment, we also created a treat-
ment plan with sole EBRT application to the final dose of
66 Gy in 33 fractions, with two lateral fields to the whole
scalp tissue and bilateral cervical nodal levels, similar to
the initial plan. Brain and orbital structures, including op-
tic nerves, chiasma, and lenses were contoured as organs
at risk, and dose volume histograms (DVH) were calcu-
lated for both plans (Figures 4 and 5, Table 1 [8]).

The patient experienced temporary grade 1 skin ery-
thema and hyperpigmentation during the brachytherapy
treatment, which resolved in two weeks after the comple-
tion of treatment.

Fig. 4. Dose-volume histogram of planning with external photon beam radiation therapy of 2 Gy per fraction
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Fig. 5. Dose-volume histogram of planning with high-dose-rate brachytherapy of 2.8 Gy per fraction

Table 1. Comparison of radiobiology doses

for planning target volume, brain, and optical
structures in two radiation planning techniques
by external beam radiation therapy (EBRT) alone
and EBRT plus brachytherapy boost

EBRT + BT EBRT
boost” (66 Gy/
(scalp: 33 fx)
42 Gy/21 fx +
22.4 Gy/8 fx)
PTV
Volume (387.1 cm?3)
Dy (Gy) 67.1 67.9
Dgg (Gy) 61.9 65.4
Vg (%) 100.0 100.0
Vigo (%) 90.8 97.7
Vs (%) 0 0
Brain
Volume (1,584 cm?)
Doy (Gy) 447 582
Dog (Gy) 376 483
Ve, (%) 79.5 99.8
Vi (%) 5.0 67.9
Vs (%) 0 0
Optical structures (maximum dose)
Right optic nerve (Gy) 49.0 68.7
Left optic nerve (Gy) 497 68.5
Optic chiasma (Gy) 50.5 66.8
Right lens (Gy) 10.0 10.8
Left lens (Gy) 10.5 10.5

*The total dose in EQD, for EBRT + BT plan was 65.9 Gy. All treatment doses
in the table are reported as EQD,. The predefined o/p ratio for tumor, brain,
optic nerve, chiasma, and lens were 10, 2.1, 3, 3, and 1.2, respectively [8]. PTV
— planning target volume, Di — the dose required to cover i percent of volume,
Vi — percent of volume receiving i percent of the dose, EBRT — external beam
radiation therapy, BT — brachytherapy, fx — fractions

Four months after brachytherapy to the scalp lesion,
the patient remains disease-free without an evidence of
recurrence, with acceptable cosmetic results considering
the serious and extensive surgery (Figure 6). Fortunately,
no latent skin toxicity was evident, and he did not com-
plain of any treatment-related side effects. Neurological
and physical examination were typical.

Discussion

Skin surface brachytherapy with customized mould
is an appropriate treatment for irregular and large skin
lesions due to an adequate mould-catheter geometry that
can be achieved [9].

The American Brachytherapy Society (ABS) guide-
lines [10] for skin surface brachytherapy published in 2001
stated that mould HDR brachytherapy is considered suit-
able for lesions of less than 5 mm thick [3,4,7]. However,
in our opinion, the evidence behind this 5 mm cut-off is
questionable [11]. In the presented case, the patient had
a 2.5 cm thick lesion before surgery and although exten-
sive surgery was performed with a deep margin involve-
ment, our contoured PTV had a depth of more than 5 mm.

When considering sole treatment with mould surface
brachytherapy for such an extensive lesion, one should
also bear in mind the inherent flaws, such as mould-skin
air gaps and skin surface dose inconsistencies, when PTV
has a depth of more than 5 mm. Moreover, due to the need
for neck radiotherapy, this method was unfavorable.

The biopsy-proven bilateral cervical lymphadenop-
athies and suspicious bone involvement in pre-op MRI
(although, based on surgical pathology report, the latter
was ruled out) required a treatment with EBRT at least
to cover the involved cervical lymph nodes (levels 2-5).
However, due to the extensive lesion of the scalp, exceed-
ing the dose limits for critical structures (such as brain pa-
renchyma, brain stem, chiasma, optic nerves, hippocam-
pi, etc.) would result in excessive neurological deficits in
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Fig. 6. Clinical follow-up image of the patient at 4 months
after the treatment from A) vertex, B) left postero-later-
al, and C) right supero-lateral position (all images were
photographed with the patient’s consent. Background is
darkened using Photoshop CS6 software to omit unnec-
essary details)

the patient. For this reason, a treatment with sole EBRT
was not favorable either, especially when considering the
young age of the patient.

Therefore, we decided to use EBRT followed by
brachytherapy boost to the scalp to cover both the neck
and surgical bed, without surpassing the dose constraints
for organs at risk.

The novelty of this case remains in the fact that despite
an extensive tumor bed requiring radiation, brachythera-
py was used with an exclusively designed mould to cover
the required CTV. This technique reduced the unnecessary
radiation dose to the underlying brain tissue, thus, signifi-
cantly lowering the subsequent neurologic toxicities (Vg
for brain 5% with BT boost vs. 67.9% without BT boost).

The HDR brachytherapy boost technique has sever-
al advantages. Firstly, all concerns about organ at risk
(OAR) dose constraints are readily resolved. Also, sim-
ple treatment delivery and setup reproducibility reduce
the inter-fraction positional errors to minimum. With
brachytherapy, the treatment is much more tolerable for
the patient with the least radiation-related toxicities, and
a higher dose can be safely delivered to the PTV. A pre-
vious study by Wojcicka et al. [12] in 2009 reported that
HDR brachytherapy plans for extensive scalp lesions were
more conformal than IMRT or photon-electron treatment
techniques. Contrary to the moulding technique used by
Wojcicka and colleagues, the exclusive mould that was
created for our patient had a heterogenous thickness ac-

cording to the skin surface irregularities. The mould was
thicker over the craniotomy defect area. This different
placement of catheters on the skin surface, allowed for
delivery of the required dose to deeper parts of the scalp.

Disadvantages of treatment with EBRT compared to
BT include: 1. Significant dose fall-off in the skin, which
mandates the use of bolus material, 2. Dose reduction in
the perimeter of round structures, 3. Deeper dose pen-
etration to the underlying tissues beneath the tumor,
which results in higher toxicity [13].

Since the last brachytherapy treatment session
4 months ago, the patient was followed up and currently,
there is no evidence of the disease. We will continue the
follow-up for any signs of recurrence, but so far, cosmetic
results and minimal radiation-induced toxicities are sat-
isfying.

Conclusions

We recommend that in patients with an extensive
scalp malignant lesion who need adjuvant radiation ther-
apy, mould brachytherapy techniques should be more
comprehensively studied, so that subsequent neurologic
toxicities can be reduced to minimum.
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