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Abstract: The peculiar and rare clinical condition below clearly requires a customized care approach
in the context of personalized medicine. An 80-year-old female patient who was subjected in 2018 to
surgical removal of a cutaneous Merkel cell carcinoma (MCC) nodule located on the posterior surface
of the left thigh and to three subsequent palliative radiotherapy treatments developed a fourth
relapse in October 2020, with fifteen nodular metastases located in the left thigh and leg. Since the
overall macroscopic disease was still exclusively regionally located and microscopic spread was likely
extended also to clinically negative skin of the thigh and leg, we performed an irradiation of the whole
left lower extremity. For this purpose the total target (65.5 cm) was divided into three sub-volumes.
Dose prescription was 30 Gy in 15 daily fractions. A sequential boost of 10 Gy in 5 daily fractions
was planned for macroscopic nodules. Plans were calculated by means of volumetric modulated arc
therapy (VMAT) with the field overlap technique. Thanks to this, we obtained a homogeneous dose
distribution in the field junction region; avoidance structures were delineated in the central part of
the thigh and leg with the aim of achieving an optimal superficial dose painting and to reduce bone
exposure to radiation. This case study demonstrates that VMAT allows for a good dose coverage for
circumferential cutaneous targets while sparing deeper organs at risk. A reproducible image-guided
set-up is fundamental for an accurate and safe dose delivery. However, local treatments such as
radiotherapy for very advanced MCC of the lower extremities might have limited impact due to the
high probability of systemic progression, as illustrated in this case. Radiation is confirmed as being
effective in preventing MCC nodule progression toward skin wounding.

Keywords: volumetric modulated arc therapy; extended field radiotherapy; merkel cell
carcinoma; skin cancer; radiotherapy for lower extremity tumors; lymphedema; bone sparing;
junction of radiation fields’ management; radiation adverse events; quality of life

1. Introduction

Among oncologic outcomes, prolonging local control (LC) is particularly important, at
least as much as improving survival chances. This is also true in palliative settings where
a symptomatic progression of a local disease can adversely affect patients’ quality of life.
For example, cutaneous Merkel cell carcinoma (MCC) nodules may occasionally evolve
from painless dome-shaped violaceous papules to ulceration, which could be massive in
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case of large lesions [1]. This particular type of skin lesion, precisely because it develops
within a microenvironment contaminated by cancer cells, could be difficult to manage [2].
While ulceration is an uncommon feature, cutaneous/subcutaneous neoplastic diffusion
occurs more frequently. In fact, MCC cells have a remarkable tropism for intradermal
lymphatics [3]. In case of tumor location in the extremities, the possible subsequent stop of
lymph flow can cause significant and dysfunctional swelling of the arm or leg. In the latter
case, a severe deambulation impairment may develop, along with serious psychological
distress [4]. Moreover, both ulceration and lymphedema predispose patients to dangerous
infections [5]. For these reasons, the deleterious effects of local disease progression need to
be mandatorily prevented [6]. Merkel cell carcinomas (MCCs) in the lower extremities have
a very poor prognosis, with 14% of cases having a 5-year survival rate [7]. The relative rarity
of MCC and the lack of prospective key trials for palliative therapeutic options contribute
to the difficulty in defining an effective therapeutic proposal in such a disease scenario.
New immunotherapies such as pembrolizumab, avelumab, nivolumab, ipilimumab are
available but not always fully effective for changing disease prognosis [8]. However,
MCC cells have proved to be fairly radiosensitive, and lower palliative radiation doses
could be no worse than higher curative ones, at least in terms of local control in palliative
settings [9–11]. Indeed, the natural course of this skin cancer is marked by more regional
and distant relapses than local ones [12]. These facts could make radiation oncologists
reconsider the usefulness of palliative extended field radiotherapy for locoregional control
even in massive limb involvement. The wide extension and irregular shape of such a target
make irradiation particularly challenging [13].

Here we present a clinical application of volumetric modulated arc therapy (VMAT)
in the palliative treatment of the left lower limb of a patient affected by multiple dermal
metastases from MCC, some of which were erythematosus but not yet ulcerated. The aim
of this approach was to delay local disease progression toward related complications.

2. Case Study

In May 2018, an 80-year-old female patient with controlled diabetes and hypertension
and no other relevant comorbidities was submitted to a surgical removal of a purplish
painful cutaneous nodule of 4.3 cm located on the posterior surface of the left thigh,
histologically positive for Merkel cell carcinoma. The patient was therefore a candidate for
maintenance treatment with avelumab. Nevertheless, three subsequent limited relapses
occurred: (1) the first, located in the popliteal fossa, in November 2019; (2) the second, on
the midline skin of the anterior surface of the thigh and in the groin lymph nodes, in March
2020; (3) the third, on the medial distal surface of the thigh, in May 2020. Each of the three
locations was treated with involved field radiotherapy with a palliative total dose of 30 Gy
in 10 consecutive fractions of 3 Gy/day, leading to a lasting clinical complete local response
without any side effects. The basically slow disease progression with limited tumor burden
at every relapse ensured that there was no strict need to change systemic treatment. Besides,
avelumab was very well tolerated by the patient. In October 2020, in the context of mild
lower limb lymphedema (grade 1 according to the International Society of Lymphology
(ISL) Staging System), the patient developed a fourth clinically- and 18F-FDG-PET-detected
relapse. This consisted of fifteen moderately painful and itchy separate nodules in the
lower left extremity, the latter being the only body site of clinical disease. Three wide
clusters, located in the following regions, could be distinguished: (1) groin lymph nodes,
more distal than the previous ones; (2) skin nodules on the bottom half of the posterolateral
aspect of the thigh; and (3) skin nodules below the knee. Since the overall macroscopic
disease was still regionally located and microscopic spread was likely extended even to
clinically uninvolved skin of the thigh and leg, we proposed to the patient a whole left-limb
irradiation with a palliative intent. However, with this approach, the retreated areas, i.e.,
those resulting from the overlap between the previous involved field irradiations and the
last extended one, were very limited in size, so that they did not threaten the treatment
tolerability. On the basis of a 3 mm-thick slice CT simulation (extended field of view = 820
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mm) in the most suitable position on a PROSTEP™ device (Figure 1), we contoured the
whole circular space between the body surface and the muscle and bone tissues of the leg
as the planning target volume (PTV). We delineated the proximal edge of such a PTV at the
level of the inguinal ligament, just below the previous radiation field (March 2020), and
the distal one at the level of the medial malleolus. A PTV minus (≈3 cm longitudinally)
was intentionally created to spare the popliteal lymph nodes while preserving an adequate
dose coverage of the neighboring skin lesions. Femur and tibia were contoured as organs
at risk (OAR) (see Figure 2, the two topmost images). The total length of the PTV was 65.5
cm. Dose prescription was 30 Gy in 15 daily fractions. A sequential boost of 10 Gy in 5
daily fractions was scheduled for macroscopic nodules.
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Since the irradiation of such large volumes is impossible to plan with a single isocen-
ter due to the well-known LINAC limitations, it is necessary to use multiple isocenters.
Consequently, the field junctions are markedly influenced by uncertainties in the intrafrac-
tion set-up, which could cause strong overdoses and/or underdoses inside the PTV, and
eventually important toxicities. In order to obtain results that are less sensitive to positional
uncertainties and to successfully achieve an optimal management of the junction, the
VMAT with the field overlap technique was used for the present treatment, similar to that
developed for craniospinal irradiation [14,15]. In particular, the target was divided into
three sub-volumes with an overlap length of 6 cm. The latter extent was arbitrarily chosen



Medicina 2021, 57, 1379 4 of 11

according to the literature data on field junction planning [14,15]. Each sub-volume had
its own isocenter and was planned using two full VMAT arcs with collimator angles of
45◦/315◦, for a total of six VMAT arcs. The dimensions of the planning fields, starting
from the thigh towards the feet, were the following: 30 cm × 27 cm, 28 cm × 24 cm and
27 cm x 18 cm for the first, second and third sub-volume, respectively. To simplify patient
positioning during treatment, the three nearly equidistant isocenters were collinear (only
the longitudinal coordinate changed). Moreover, to cover the entire PTV with the aim
of delivering an adequate dose up to the skin surface and to save the bone, avoidance
structures were delineated in the central part of the thigh and leg. Therefore, in a single
plan, two full coplanar VMAT arcs were used for each of the three isocenters, minimizing
the dose to the femur, tibia and popliteal fossa.
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While for plan optimization three separate PTVs were considered, only two, one for
the thigh, the other for the leg (PTV_thigh and PTV_leg as shown in Figures 2 and 3) were
evaluated for dose coverage. Treatment planning was performed on the Eclipse 13.6 treat-
ment planning system (TPS) and the dose was computed using the analytical anisotropic
algorithm (AAA) with 2.5 mm calculation grid resolution. Treatment was delivered by
means of a Varian Trilogy linear accelerator (LINAC) equipped with a Millennium 120
multi-leaf collimator and an Exact IGRT couch (Varian Medical Systems, Palo Alto, CA,
USA). Before treatment delivery, the patient was subjected to daily online image-guided
radiotherapy (IGRT) using cone-beam computed tomography (CBCT), in order to reduce
set-up uncertainty. Thanks to the use of the PROSTEP device, the set-up corrections were
kept below 3 mm in all spatial directions. Indeed, the immobilization system used and the
verification of the setup through CBCT are particularly suitable for this kind of patient,
since the first allows for proper immobilization and stability of the lower limbs and the sec-
ond for satisfactory assessment of the accuracy of the positioning based on bone landmarks
and surrounding soft tissues.
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We searched for and obtained a dose to 95% of the target volume (D95%), equal to 90%
of the prescription dose (Figure 3). This means that almost the whole target skin (95%) was
approximately covered by a dose of at least 27 Gy (90%) (Figure 4). Hot spots were limited
to 110% of the prescription dose. Mean doses to the femur and tibia were 16.6 Gy and
20.7 Gy, respectively. Such a substantial difference was due to a more superficial location



Medicina 2021, 57, 1379 6 of 11

of the tibia compared to the femur. The PTV contained the surface of the skin; despite this,
the most superficial part of the target was not covered by 95% of the prescription dose due
to the build-up effect typical of 6 MV photon beams. However, the bolus was not usable
for this type of treatment because there is no bolus able to cover such a large surface and
its positioning would not have been reproducible during daily treatment.
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This radiotherapy treatment failed to prolong progression-free survival, as expected:
three months after the end of therapy, an 18F-FDG positron emission tomography (PET)
documented a broad lymph-node progression in mediastinal, epigastric, common and
external iliac regions. As a consequence, the patient tumor disease never appeared in
complete remission at the instrumental evaluation. Interestingly, no skin lesions, except
one arising in the underdosed popliteal fossa (≈2 cm), were visible in the PET images, but
several CT-hypodense FDG-avid nodules (not lymph nodes) were reported deeply in the
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interface between muscles and bones, where the mean radiation dose was approximately
half the prescribed dose. However, the patient’s symptoms improved rapidly during the
treatment and all irradiated nodules were clinically undetectable a month later (Figure 5).
No acute RT-related toxicities were detected. Only five months later, the lower limb
lymphedema worsened to grade 2 according to the ISL stage system [16], likely due to
the increasingly massive involvement of iliac lymph nodes; no new skin lesions occurred,
apart from the still-painless one previously detected in the underdosed popliteal fossa.
Due to the large progression of disease, systemic treatment was switched to cisplatin plus
pemetrexed, with poor results. The patient died 8 months later of acute respiratory failure,
likely related to a large mediastinal tumor burden, in the context of an excellent in-field
local control. The limited survival did not allow us to appreciate a lasting reduced risk of
the femur and tibia fracture following a radiation exposure that was lower than that from
radiotherapy techniques that are unable to spare leg bones, such as 3D-CRT.
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3. Discussion

The reported case shows that even extremely complex targets can be irradiated thanks
to more and more new performing radiotherapy techniques [17]. The dose delivery charac-
teristics of VMAT allow for a superficial circumferential irradiation while sparing organs at
risk centered within the target (femur and tibia in our case) by exploiting the tangential
effect [13].

Since we were aware of the natural history of M1a MCC of the lower extremity [7], we
decided to treat macroscopic nodules with a palliative dose of 40 Gy in 2 Gy/fraction/day.
On the other hand, we lowered the dose to 30 Gy for the clinically uninvolved skin. The
latter dose prescription was deemed useful by us to contrast tumor cell migration. In
fact, two other critical issues led us not to exceed that dose: (i) the impact of radiation on
lymphedema [18] and (ii) concerns about the risk of pathological fracture after radiother-
apy. Accordingly, when treating extremity soft-tissue sarcomas, it is suggested to avoid
circumferential irradiation or at least to spare a cutaneous strip of ≥1 cm to allow lymphatic
drainage. However, such a recommendation is valid for the characteristic high doses (up
to and over 70 Gy) used for a curative purpose in sarcoma treatment, which also consists
of surgery that could disrupt the physiological lymph drainage. Firstly, lymphatic vessels
are considered radio-resistant, and their damage is mediated by an extrinsic compression
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due to a radiation-induced fibrosis in the surrounding tissues. It is reasonable to assume
that higher doses enhance the risk of developing dense fibrous tissue that blocks lymphatic
flow. This phenomenon can be further increased by contiguous doses in boundary regions
at risk of overlapping fields [19]. After all, the common daily clinical practice proves that
palliative doses, such as that used in our case, even in other scenarios seem to be unable
to produce skin fibrosis. Secondly, lymph nodes are highly radiosensitive and potentially
damaged by lower doses that are enough to affect the ability to filter afferent lymphatic
flow. For such reasons, the use of the PROSTEP™ device was useful not only for better
patient comfort, by relaxing her back and ensuring the reproducibility of the target position,
but also because bending the knee to approximately 120◦ allows us to more easily spare
the popliteal lymph nodes: indeed, if we consider that the dose delivery was conducted
with constant source-to-axis distance (SAD), the knee bending distances the popliteal fossa
from the radiation source and so reduces photon beam energy deposition in the nearby
lymph nodes. Such a sparing was further maximized by the delineation of an ad hoc
avoidance structure behind the knee. On the opposite kneecap side, we were able to tailor a
satisfying field junction by contouring a horseshoe-shaped area, thus forcing our treatment
planning system (TPS) to compute a homogeneous dose coverage even at this level, thanks
to the potentiality of the inverse planning method [14,15]. This latter approach, in fact,
is much more versatile and less cumbersome than that proposed by Wooden et al. [20],
who achieved the same result (irradiation of a circumferential superficial target) by using
a six-field electron technique. In comparison, our solution is characterized by a more
homogeneous dose distribution as well as a much better dose conformity, which results in a
significant lower dose to bones (femur and tibia). Regarding bone sparing, our achievement
should decrease the risk for radiation-related pathological fracture [21]. In such an effort,
we reached a femur mean dose that is about half of the target prescription dose. Just as
Steven et al. [8] concluded, IMRT techniques, by virtue of a greater dose conformity, are
potentially able to reduce toxicity to OARs but not to improve survival outcomes [22].
These techniques have already been effectively tested in other clinical scenarios demanding
a significant sparing of some OARs, e.g., spinal cord or urethra, similarly located within
a surrounding radiotherapy target [23–25], or for reirradiation [26]. We know that other
radiotherapy techniques are equally effective in the treatment of cutaneous targets [27–30],
but their use is less suitable for highly complex clinical situations such as the present one.
Our work presents a similar arrangement to the that used by Servy et al. [31], but with
a more challenging circumferential target around a very close organ-at-risk that needs
to be spared. As compared to that study, our therapeutic goals were partially achieved:
(1) we observed a complete lasting regression of all skin nodules, except for that which
developed three months after treatment in the intentionally underdosed popliteal fossa;
(2) we were not able to avoid a worsening of lymphedema, which likely occurred because
of metastases in lymph nodes proximal to the PTV. However, we are unable to assess
what the burden is of such an extended circumferential field irradiation on the worsening
of lymphedema. On the other hand, the effectiveness of our approach in stopping the
progression of skin nodules is particularly remarkable. In fact, we must not leave out that,
in some cases involving the extremities, cancer disease may be so severe and extensive that
amputation is unavoidable [32]. Interestingly, the only new nodule arose in an unirradiated
site, which was encompassed by a low scattered dose. This nodule was asymptomatic until
patient death. Our case presentation is similar to that described by Blumenthal et al. but
differs from it for bone managing (VMAT vs. IMRT/electron beam RT), dose prescription
(46/54 Gy vs. 30/40 Gy) and follow-up time (2 months vs. 7 months) [33]. Due to the
limited survival reported in our case, the technical approach by VMAT might have been
useless and essentially equivalent with respect to less efficient techniques in these clinical
scenarios. However, we think that this technique could be a valuable option in treating
other extremity cancers with a more favourable prognosis, i.e., Kaposi’s sarcoma [34,35].
Skin represents a continuous matter of debate among radiation oncologists and other health
professionals, even for sentinel events [36]. Even if the findings of this case report could be
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ultimately considered as negative from a merely prognostic point of view, they call for large
clinical trials in order to identify any role for VMAT capabilities in the clinical scenario here
investigated. Indeed, the achievement of an effective local control on lower extremity skin
without the appearance of new in-field lesions deserves further investigations, even if only
in a palliative context. This very preliminary report has the merit of informing the insiders
about the possibility of adequately treating such challenging targets while sparing OARs
thanks to the advances in radiotherapy techniques.

4. Conclusions

The usefulness of high-performance VMAT in treating patients with several in-transit
MCC metastases to the entire skin of the lower extremities is questionable. MCC nodules
are highly radiosensitive, and low palliative doses could be sufficient for local control in
metastatic settings. Appropriate skin care in metastatic MCC patients is fundamental for
preventing complications in skin lesions. Among such patients, lymphedema is still a
critical issue: how and if radiotherapy may be implemented for this purpose is not yet clear.
The issue needs further investigation, bearing in mind the potential deleterious impact of
radiation on the lymph system. VMAT capabilities could be largely beneficial in treating
other extremity cancers, even ulcerating ones.

Additional Considerations: Weaknesses and Strengths

Since this is a case report, no definitive conclusion can be drawn regarding the use-
fulness of such a very large extended field RT in preventing the progression of MCC
nodules along lower-extremity skin: an adequate sample size is needed to confirm this
isolated case. Moreover, even though in this specific case it may be reasonably assumed
that the worsening of lymphedema was due to the proximal off-target disease progression,
a larger study could further substantiate or disprove this finding by clarifying the effect
of a low circumferential radiation dose on lower limb lymphatic drainage. In the present
case, some small skin areas received a “double” treatment for the sum of the previous
RT courses (30 Gy in 10 fractions) with the last one (30 Gy in 15 fractions followed by a
10 Gy boost for clinical lesions), since we had in mind the good skin tolerance to high
radiation doses [37,38]. However, we are unable to indicate a safety threshold in terms of
the maximum extent possible for the field overlap of multiple palliative RT treatments. The
limited patient survival hampered an assessment of any lasting benefit from VMAT use.

Strong points of this experience are: the reproducibility of the method; the ability
to satisfactorily irradiate such a large and superficial target without a bolus, whose use
might create an inconstant air gap over skin that would be enough to alter dose distri-
bution; the easy accessibility of this technique compared to equally high-performing but
less widespread alternatives such as surface-mold computer-optimized high-dose-rate
brachytherapy [11,39].

Last but not least, even if this VMAT application failed to prolong patient survival, it
achieved an effective stop of nodular disease progression towards dramatic complications,
maintaining an acceptable quality of life [40].
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