Clinical evidence of abscopal effect in cutaneous
squamous cell carcinoma treated with diffusing
alpha emitters radiation therapy: a case report
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Abstract

Purpose: Alpha particle treatments could enhance the probability of an immune response, which can lead to absco-
pal effects (AE). We report a case of a patient affected by multiple cutaneous squamous cell carcinoma (cSCC). After
the treatment with diffusing alpha emitters radiation therapy (DaRT) of one lesion, an AE was observed on at least two
distant ones.

Material and methods: We investigated a case of a 65-year-old female patient with multiple synchronous lesions
of the skin of lower limbs confirmed by a biopsy. Patient was enrolled in a clinical trial N.CTP-SCC-00 (NCT03015883),
with the objective to assess effectiveness of DaRT technique. DaRT is based on the insertion of locally ?**Ra-loaded
seeds in a clinical target volume (CTV). Treatment plan with positron emission tomography/computed tomography
(PET/CT) was used to entirely cover the CTV. Follow-up and biopsy evaluations were employed to outline the patient
outcome.

Results: We performed seeds implantation according to the Paris system. At 28" day, an evident lesion shrinkage
with a persistent minimal area of hyperkeratosis was noted. 76 days after implantation, a complete remission of the
treated lesion was observed and an evident reduction of the area with two more distant lesion, which could be associat-
ed to an immune-mediated response. One year after the treatment, a complete remission of treated lesion was observed
as well as spontaneous regression of untreated distant ones.

Conclusions: In this study, we reported evidences of an AE in c¢SCC stimulated by radiation and possibly mediated
by immune system. In the next DaRT treatments, our intent is to monitor T-lymphocytes variations in peripheral blood
in order to demonstrate indirect activation of the immune system mediated by radiation also in patients with solitary
lesions, in which, by definition, an AE cannot be observed.
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‘abscopal effect’” was used by Mole in 1953 [1]. The word
‘abscopal’ comes from Latin ‘ab’ and ‘scopos’, which

The abscopal effect (AE) is a sporadic event of tumor  means ‘position away from the target’. This effect is a rare
regression following radiotherapy treatment observed at  clinical event, however, there have been reports of this
distance from irradiated site. For the first time, the term effect in various type of cancers, not only in solid tumors
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but also in leukemias and lymphomas [2,3,4]. In partic-
ular, for skin tumors, there have been reports of a case
of Merkel cell carcinoma and several cases of melanoma
[5,6,7,8,9,10]. Recently, there has been growing evidence
that high linear energy transfer (LET) radiations, such
as alpha particles, are more prone to leverage this effect
rather than low-LET X-rays usually used in external beam
radiation therapy (EBRT) [11,12]. We report a case of
a patient affected by cutaneous squamous cell carcinoma
(cSCCQ). This patient had multiple synchronous lesions
and after the treatment of one of the lesion with diffusing
alpha emitters radiotherapy (DaRT), an abscopal effect
was observed on two distant lesions. DaRT used in inter-
stitial brachytherapy is an effective and short treatment
[13]. As skin cancer incidence is rising worldwide and the
interest in brachytherapy applications is growing contin-
uously [14,15], we decided to propose this treatment as
an alternative to surgery. Patient refused surgery, since
it was already applied multiple times [16]. Furthermore,
we didn’t consider external beam radiotherapy; in our
opinion, expected toxicity and duration of the treatment
would have been higher [17].

Material and methods
Patient description

We present a case of a Caucasian 65-year-old female
patient who presented with multiple synchronous epi-
thelial lesions of the lower limbs skin. She lived for three
years (between the 24" and 26t year of age) in the Carib-
bean and most probably was overexposed to ultraviolet
(UV) radiations. From the age of 58, she developed many
metachronous epithelial cutaneous lesions that were
surgically excised. Most of them were ¢SCC and a small
percentage were keratoacanthomas (KA) confirmed by
a biopsy. She did not experience any significant comor-
bidity. The patient denied spontaneous resolution of any
individual lesion. Clinical suspect of multiple cSCC was
confirmed by anatomo-pathological equipe on the most
relevant lesions A and B (Figure 1). Lesion A in Figure 1

A

is characterized by a keratinizing erythematous nodule
of about 15 mm, whereas lesion B shows mostly the same
characteristics but it’s larger (18 mm) and exophytic. Le-
sion A was qualified as G1, and lesion B as G2.

As a treatment, we proposed the enrollment in the
international ‘first in man’ clinical trial N.CTP-SCC-00
(NCT03015883), which has the objective of assessing the
safety and effectiveness of DaRT technique [18]. This ap-
proach involves standard interstitial brachytherapy tech-
nique, with high relative biological effectiveness (RBE) of
alpha particles.

Pretreatment examination

The lesions were digitally photographed and physi-
cally measured with a ruler prior to DaRT seeds inser-
tion. Imaging was done on a SIEMENS Biograph MCT 20
flow 4R PET/CT scanner using a standard PET/CT clin-
ical protocol. Patient has fasted for at least 6 hours be-
fore performing intravenous administration of 18F-FDG
(3.7 MBq/kg). Serum glucose concentrations were mea-
sured before FDG injection and were less than 200 mg/ dl.
After PET/CT scan imagining, gross tumor volume
(GTV) contouring was performed by a radiotherapist.
CTV is generated from GTV with an isotropic expansion
of 5 mm to account for microscopic subclinical disease
for this histology type. Physical and radiological mea-
surements are taken as a reference for baseline lesion
extension. In further treatments with different kind of
histology and tumor volumes, different margin can be
considered according to the radiotherapy recommenda-
tions for non-melanoma skin cancer [19].

DaRT description

DaRT is an interstitial brachytherapy technique in
treatments of solid tumors with the insertion of 1 cm
long #*Ra-loaded seeds, as shown in Figure 2. ?*Ra de-
cays into ?2’Rn, which has the ability to diffuse into the
tumor, with an average activity of 100 kBq each at cali-
bration [20]. These 1 cm long seeds are attached to sutures
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Fig. 1. Lesion A (A) characterized by a keratinizing erythematous nodule of about 15 mm and lesion B (B) that is slightly larger

(18 mm), with the same characteristics and exophytic
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Fig. 2. Standard alpha needle applicator (A) with its sealed case showing on the label all the details about length of the needle,
number of seeds, seed activity, and serial number. B - The appearance of iron seeds loaded with radium-224 and blue wires

for suture

that are inserted directly in the tumor site by means of
interstitial needles (Figure 2). 2°Rn is released by recoil
from 21Po and ?'?Pb atoms. ?°Rn migrate to a radial dis-
tance of about 2-2.5 mm from the seed in tumor diffusing
daughter-atoms and alpha particles, leading to the forma-
tion of an high absorbed dose region of at least 10 Gy in
15 days after implant, not considering the relative biolog-
ical effectiveness (RBE) of alpha particles [20,21,22]. After
this period, the implant is removed.

Few alpha particles passing by the cell nucleus are
sufficient to destroy its membrane leading to cell death;
their RBE is actually considered much higher and thus re-
leased dose is increased. Furthermore, their effectiveness
is not dependent neither on oxygenation nor on cell cycle
phase of the tumor cells.

High destructive power of alpha radiation comes
from double string DNA damage and indirectly from
vasculature rupture. Recurrence of treated tumor may
depend on angiogenesis. The inhibition of major pro-an-
giogenic factors and multiple angiogenesis associated
processes may be increased by high-RBE particles [11,23].
Due to these features, alpha particles are mainly effective
against CSCs (cancer stem cells) that are considered more
resistant to low-RBE ionizing radiation of EBRT [24].

Treatment planning procedure

On the basis of PET/CT images, a treatment plan
was created to evaluate appropriate quantity of seeds
to entirely cover the CTV during the intervention. On-
centra brachytherapy treatment planning system was
used in order to correctly arrange the required number
of seeds, and to estimate the possible entrance points of
needles. Figure 3A shows the treatment planning proce-
dure. The seeds, each loaded with 100 kBq of 2**Ra, were
placed according to geometrical arrangement of the Par-
is system that was adapted to the variable size of DaRT
seeds, ranging from 1 cm to 6 cm in size and comparing
to linear sources. The interspacing is modified accord-
ing to the Paris system, with an optimal interspacing of
14 mm to 5 mm due to the alpha emission nature of **Ra
source. Precise dose calculation cannot be performed as
a commercial TPS for alpha particles, since dose deposi-

tion evaluation is not available; however, as stated in [20],
a coverage of 10 Gy is guaranteed at a radial distance of
2.5 mm. Furthermore, as per our experience, it is useful
to perform a geometrical arrangement evaluation before
the interventional treatment, with correct evaluation of
the depth of lesion. If the lesion depth is above 5 mm, it
is necessary to deliver the treatment with two or more
different planes. Therefore, we estimated 5 needle appli-
cators, loaded with 2 seeds for lesion A (15 mm diame-
ter and 4.5 mm in depth, 10 seeds in total), and 5 needle
applicators loaded with 2 seeds and 4 needle applicators
loaded with 1 seed for lesion B (18 mm diameter and
6.5 mm in depth, 14 seeds in total).

Results
Interventional treatment description

Our initial intention was to treat during the same
session the most relevant lesions A and B. However, in
the day of implantation, lesion A appeared to be clearly
enlarged (about 2 x 3 cm) and we decided to treat only
lesion A to ensure sufficient amount of seeds to adequate-
ly cover the target. Due to lesion enlargement, we had
a mismatch between our treatment plan and the actual
lesion dimension. Therefore, we planned to subsequent-
ly treat lesion B, with close monitoring during frequent
follow-up visits as required by the protocol. Prior local
anesthesia with 20 ml mepivacain + adrenalin 1 : 100,000
along the perimeter of the lesion, we contoured the CTV
directly on the skin, and we performed the seeds implan-
tation according to the Paris system: a total of 8 applica-
tors (7 loaded with 2 seeds and 1 with 1 seed, for a total
number of 15 seeds) were inserted with an intra-seed wire
distance of about 5 mm on a single plane, 7 parallels, and
1 perpendicular to adequately cover the peripheral mar-
gin of CTV, as shown in Figure 4. The mismatch between
the treatment planning and the actual treatment resulted
in 5 seeds. After the implant, we performed a CT scan to
verify the adequate geometrical disposition of the seeds
inside the tumor, as preplanned. In Figures 3C and 3D,
the difference between planning PET/CT and delivered
treatment after lesion growth is presented. We would

Journal of Contemporary Brachytherapy (2019/volume 11/number 5)


https://www.ncbi.nlm.nih.gov/pubmed/20124656
https://www.ncbi.nlm.nih.gov/pubmed/18059026
https://www.ncbi.nlm.nih.gov/pubmed/23225432
https://www.ncbi.nlm.nih.gov/pubmed/28220126
https://www.ncbi.nlm.nih.gov/pubmed/22702646
https://www.ncbi.nlm.nih.gov/pubmed/26904502
https://www.ncbi.nlm.nih.gov/pubmed/20124656

Salvatore Roberto Bellia, Giacomo Feliciani, Massimo Del Duca, et al.

05 .. e e e T R e T e PR el ) Ly i k]
(088765 431121 ] S8 7 (6] [51 [ [ 2 [ o119 |8 |7 (615 (@ 312 0|
0 a B @

0 ° @ @

0 2 ® °

0 L *® *

0 ® @ @

Fig. 3. A) The treated lesion B that has grown from treatment planning session; B) The pretreatment planning session, 5 needles
of 2 seeds spaced between each other of about 3-4 mm to account for lesion swelling were foreseen for the CTV. The implant
resulted in 7 needles with 2 seeds, 1 needle with 1 seed, for a total of 15 seeds. This underlines the importance of having spare
needles before starting a procedure; C) Saggital view of the treatment planning; D) The fusion between preplanning PET and
after treatment CT. An evident lesion growth between PET scan and intervention day

like to emphasize the importance of this early verification
through CT scan because in case of unsatisfactory results,
it is possible to ‘correct the shot” and alter the position of
any seed, which is in a different location than expected,
or inserting any other/s for a better coverage of the entire
CTV. However, the best imaging to evaluate tumor exten-
sion is to employ high frequency US during the implant
procedure. After 15 days, 95% of the radiation was deliv-
ered and the seeds were removed. Generally, the remov-
al is performed at day 15, and to deliver 100% of dose,
15 more days would be required, possibly resulting in
uncomfortable tolerance level of the patient and unneces-
sary to reach the tumor killing dose.

Figure 5 (left side) shows an evident lesion shrinkage
with a persistent minimal area of hyperkeratosis. To com-
pare, the untreated lesion B in Figure 6.

Fifteen days after the treatment of lesion A, lesion B
showed a noticeable reduction of its nodular component -
persisted mild hyperkeratosis with perilesional erythema.
On the 28 day, a dermatologist performed a re-biopsy of
untreated lesion B and the residual lesion A, in accordance
with suspected minimal area of persistence of disease, as
shown in Figure 7. On the same date, a biopsy of a third le-
sion (C) was performed, on the contra-lateral thigh shown
in Figure 7, in the perspective of a possible new DaRT
treatment. Only lesion C resulted cSCC positive.

Histological examination of both, the treated lesion A
and the untreated lesion B, showed no residual malig-
nant cells. Following the complete tumor remission of
the treated lesion A and the spontaneous regression of
lesion B, we decided to plan a treatment for the third le-
sion C.

Journal of Contemporary Brachytherapy (2019/volume 11/number 5)
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Fig. 4. A) Final appearance of lesion A one day after treatment; B) Fusion between the pretreatment PET/CT and the CT per-
formed after the implant

Fig. 5. Appearance of lesion A at day 15 before (A) and immediately after (B) implant removal

However, two and a half months after the implant S
and about 10 days before the planned DaRT treatment, S
in a joint evaluation with dermatologist, we noted that le-
sion C was also in regression (as shown in Figure 8 right)
and the scheduled treatment was canceled. Figure 8
shows the left side of the appearance of lesion A, B in the
center, and C on the right, 76 days after the treatment.
While the patient achieved a complete response in the
targeted irradiated lesion (A left), an out-of-target tumor
response in at least two distant sites (B and C) was noted.
Lesion B was located about 15 cm from lesion A, whereas YTV CLE Y P L P YL “”Al T IIIII H]H&E
lesion C was located on the contralateral leg. One year \umi.\_%‘—aj - - 2 ST
after the treatment, a complete remission of treated lesion & Devor’ OR Products & Sufety Solufions
persists as well as spontaneous regression of untreated
distant lesions.

Clinically, patient reported only a grade 1 erythema

and a mild degree transitory pain in implant location Fig. 6. Modification of lesion B at 15" day after implant:
during the 15 days of implant. No other adverse event marked reduction of its nodular component, with persist-
occurred after implant removal. ing mild hyperkeratosis with perilesional erythema
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Discussion

The mechanism of AE possibly associated with en-
hanced immune effect triggered by high-dose radiation,
has not been clearly defined and is still not well under-
stood. There are many theories on the abscopal effect.
The first concept refers to lymphomas and leukemias; it
is hypothesized that irradiation may lead to a release of
substances toxic to lymphoma, and inhibit the production
and secretion of substances responsible for continuation
of tumor growth [25,26,27]. The second theory applies to
solid tumors, where local irradiation induces a release of
cytokines (mitotic inhibitors), such as tumor necrosis fac-
tor (TNF), into the circulation that mediate a systemic an-
titumor effect [1,28]. The third suggests that the abscopal
effect is immune-mediated: irradiation of tumor in one
site induces local release of circulating tumor antigens
(CTA) and/or inflammatory factors that may mediate an
increased immune response against unirradiated lesion
that express similar tumor antigens; furthermore, local
radiotherapy would augment the activity of natural killer
cells [29]. The last and most suggestive hypothesis, also
named ‘in vivo vaccination’, is that local tumor damage
expose hidden tumoral antigens that are able to induce
systemic antitumor immunity [29,30,31]. Accumulating
evidences suggest that a dysfunction in the host systemic
immunity and/or low immunogenic characteristics of the

Fig. 7. A) Re-biopsy on residual lesion A, in correspon-
dence of suspected minimal area of persistence of disease;
B) Re-biopsy of untreated lesion B; C) Biopsy of a third
lesion, on the contra-lateral thigh, for a possible new DaRT
treatment

tumor may favor the progression of cancer. Anti-tumor
immune-mediated mechanisms are operative during tu-
mor development and immune surveillance play an im-
portant role in cancer control. Tumor-derived immuno-
suppression constantly diminishes anti-tumor immune
response.

Therefore, a treatment capable of restoring or strength-
ening the immune functions might constitute an effective
antineoplastic treatment. Recent studies reports that ra-
diotherapy can act as an immunostimulant, causing (for
example) the immunogenic cell death and releasing the
danger signals such as HMGBI1 [32,33]. Thanks to the in-
trinsic characteristics of high-LET alpha particles, with its
ability to induce an aggressive in situ tumor destruction
(potent tumor ablation), DaRT treatment may play a very
important role because it could stimulate an anti-tumor
immune reactivity with more ease than low-LET radia-
tion that is used with conventional external beam radia-
tion therapy (EBRT). Furthermore, the destruction of the
tumor by DaRT maintains an intact vasculature around
the tumor, enabling an influx of immune cells to recog-
nize and destroy tumor cells.

If confirmed, this ability could open up new scenarios
for DaRT, also in a clinical situation, in which radiation
treatment is usually considered of very little use. For in-
stance, in cases where tumoricidal doses on whole tumor-
al mass with standard irradiation techniques is not pos-
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sible (previous irradiation, target difficult to reach, close
proximity of organs at risk, multi-lesion diffused diseas-
es, patient not able to sustain conventional fractionation),
a partial radioablation (debulking) with DaRT would be
able to trigger the awakening of the immune system. The
immune system would then attack both the primary mass
and any other lesion at further distance. This systemic
anti-tumor immunity can be further augmented using
immunoadjuvants and inhibition of immunosuppressive
cells [34].

Another possible interpretation of our observations is
that there is a possibility of misdiagnosis of KA as cSCC.
The KA is a cryptic tumor, described for the first time in
1888, also named as ‘“pseudotumor’, ‘regressing tumor’,
or ‘self-healing SCC’. As evidenced from other names
used to indicate this distinct nosological entity, KA in
a considerable percentage of cases may spontaneously
regress, but rarely evolves into an invasive form of SCC
[35,36]. For this reason, it stands in a gray area between
malignancy and benignity, and many reports describe it
as a subtype of SCC with low-grade malignancy. In con-
trast, some physicians believe that KA is essentially a be-
nign lesion that can undergo malignant transformation
into conventional SCC [37,38,39]. It is assumed to orig-
inate from the hair follicle and its triphasic nature (pro-
liferative, stabilization, regression) seems to really mimic
the phases of the cycle of hair follicle. KA shares some

Fig. 8. Appearance of lesion A, B, and C at day 76 after
implant

features with SCC, with similar cellular characteristics.
A multitude of studies reveal no substantial differences
between them not only clinically but also histopatholog-
ically.

In our study, the regression of untreated lesions B
and C can be associated with an abscopal effect (AE) also
because their regression time mismatch with the one ob-
served for KA, which is between 3 to 6 months from the
complete growth of lesion [40]. To our knowledge, this is
the first case of an AE in a patient with multiple synchro-
nous cSCC as well as the first case of an AE in a patient
receiving DaRT treatment. We were able to observe this
rare phenomenon in our patient also thanks to this un-
usual presentation of multiple synchronous lesions. By
definition, we would not have had any chances to notice
an AE if we had treated a patient with a solitary lesion.

Conclusions

In this study, according to our experience, we re-
ported the first case of AE in ¢SCC. KA is very rare in
multiple synchronous form and it gradually loses the
capacity of spontaneous regression when it begins to ex-
hibit characteristics of SCC. Furthermore, the occurrence
time of KA spontaneous regression mismatches with the
one observed in our patient, which was too fast, about
1 month against 3 to 6 months [40]. All these evidences

Journal of Contemporary Brachytherapy (2019/volume 11/number 5)


https://www.ncbi.nlm.nih.gov/pubmed/27495172
https://www.ncbi.nlm.nih.gov/pubmed/10949454
https://www.ncbi.nlm.nih.gov/pubmed/10021894
https://www.ncbi.nlm.nih.gov/pubmed/8214391
https://www.ncbi.nlm.nih.gov/pubmed/20043514
https://www.ncbi.nlm.nih.gov/pubmed/20414090
https://www.ncbi.nlm.nih.gov/pubmed/16630176
https://www.ncbi.nlm.nih.gov/pubmed/16630176

456

Salvatore Roberto Bellia, Giacomo Feliciani, Massimo Del Duca, et al.

support our hypothesis that an abscopal effect is stim-
ulated by radiation and probably mediated by the im-
mune system. In the next DaRT treatments, our intent is
to monitor circulating soluble markers and immune cells
such as T-lymphocytes. Largest changes from baseline in
peripheral blood at different time points or induced de
novo subpopulations can demonstrate indirectly the acti-
vation of the immune system mediated by radiation also
in patients with solitary lesions, in which by definition,
an abscopal effect cannot be observed. These evidences
will further support recent findings on radiation used as
immunological adjuvant in numerous clinical scenarios,
also in advanced stage diseases [41,42]. Finally, DaRT
technique is not complex; however, is still relatively new
and requires standardization and specific training as oth-
er brachytherapy technique [43,44,45,46].
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