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Stereotactic Body Radiation Therapy to the Foot
for Bone Metastasis
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Introduction
Stereotactic body radiation therapy (SBRT) delivers
high radiation doses, usually in 1 to 5 fractions, to the
treatment target in a precise and highly conformed man-
ner. Stereotactic body radiation therapy to oligometastatic
lesions represents a new treatment paradigm in oncologi-
cal care. It was demonstrated to improve overall survival
in a proof-of-concept phase 2 randomized study, SABR-
COMET.1 Metastasis-directed therapy has been studied
for specific cancer types and reported heterogeneous
results. Some phase 2 trials demonstrated that this
approach improved progression-free survival in lung and
prostate cancer,2,3 but NRG-BR002 on breast cancer was
negative.4 Furthermore, the efficacy of SBRT in hepatocel-
lular carcinoma (HCC) remains unclear, because this can-
cer type is underrepresented in the current body of
literature.

Stereotactic body radiation therapy is generally safe
and well-tolerated.5 However, distal extremities are
known to have poor radiation tolerance.6 Delivering high
radiation dose to a distal extremity has several technical
considerations, including the close proximity of complex
neurovascular elements and the potential risk of func-
tional and cosmetic complications.7 Consequently, many
clinicians would consider amputation as an alternative.
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We report a case of SBRT to the cuboid bone, which
will be useful for radiation oncologists who consider treat-
ing the distal extremities with SBRT.
Case Presentation
An 83-year-old gentleman had a history of hepatitis B
cirrhosis. He was diagnosed with HCC, which was man-
aged with right hepatectomy in 2008. The pathology
report showed a 4-cm moderately differentiated HCC
with clear margins. The disease was in remission until
November 2019, when the patient experienced right foot
pain and an elevated alpha-fetoprotein (AFP) level (14
ng/mL). Physical examination revealed a 4-cm bony
swelling at the lateral dorsum of the right foot. There was
no definite skin involvement. Dual tracer positron emis-
sion tomography−computed tomography (PET-CT) with
acetate, F-fluorodeoxyglucose (FDG), and iodinated CT
contrast in February 2020 showed a lytic bony lesion with
intraosseous soft-tissue component and increased acetate
(standardized uptake value [SUV] maximum, 5.8) and
FDG (SUV maximum, 5.7) activity at the right foot
cuboid bone. There was no evidence of disease recurrence
elsewhere. A core biopsy showed metastatic carcinoma
consistent with HCC.

The patient opted for SBRT in lieu of below-knee
amputation. Magnetic resonance imaging (MRI) was
arranged for SBRT planning. Magnetic resonance imaging
of the right foot (Fig. 1) with T1-weighted (T1W), T2-
weighted fat-saturated, and T1W dotarem contrast-
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Figure 1 Magnetic resonance imaging of the right cuboid lesion. (A) T1-weighted sequence. (B) T1-weighted dotarem
contrast-enhanced fat-saturated sequence. (C) T2-weighted fat-saturated sequence.
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enhanced fat-saturated sequences showed a 4.3 £ 3.8−cm
T1W isointense T2-weighted intermediate enhancing
mass with suspicious invasion into the lateral cuneiform
bone, peroneus longus tendon, and extensor digitorum
longus tendon.
Radiation therapy technique

The right foot was elevated with an alpha-cradle foot-
rest and immobilized with a thermoplastic cast. A 1-cm
oil gel bolus was applied for dose build-up (Fig. 2). The
previously mentioned MRI images were fused with a plain
planning CT. The gross tumor volume was outlined with
reference to the clinical finding, CT, and MRI images. A
3-mm clinical target volume margin was trimmed at ana-
tomic barriers, and a 3-mm set-up margin was given. The
organ at risk was the skin, which comprised a 2.5-mm
rind from the skin surface. The gross tumor volume, clini-
cal target volume, and planning target volume (PTV) were
47.4 cm3, 77.8 cm3, and 120.4 cm3, respectively.

The treatment plan was optimized by the Monaco
Treatment Planning System, version 5.11 (Elekta, Stock-
holm, Sweden) using 6 megavoltage energy and
Figure 2 Radiation therapy setup.
volumetric modulated arc therapy technique. The treat-
ment was delivered using the Versa HD linear accelerator
system with agility multileaf collimators (Elekta). Daily
kilovoltage cone beam CT and a 6° robotic couch were
used for image verification and treatment position correc-
tion, respectively. The PTV was prescribed to 32.5 Gray
(Gy) in 5 daily fractions to 87.4% isodose line. The dose
reports, target volume coverage, and dose-volume histo-
gram are shown in Fig. 3. The homogeneity index was
13.5, and the Paddick conformity index was 0.89. For the
skin, D0.5 cm3 was 36.9 Gy and D10 cm3 was 28.6 Gy
(Table 1). The treatment was completed on June 22, 2020.
Follow-up

Two weeks afterward, the patient presented with skin
erythema and a blister (Radiation Therapy Oncology
Group [RTOG] grade 28), which completely healed after
8 weeks. Subsequently, a mildly painful skin ulcer with
serous discharge developed 40 weeks after RT. Wound
swabs for bacterial culture were negative. The patient was
treated with a course of antibiotics, regular debridement,
and dressing. The ulcer (RTOG grade 48) slowly dried up
at 80 weeks after RT, with residual hyperpigmentation
(RTOG grade 18). Physical examination showed no neu-
rovascular compromise, and the range of motion was
maintained. The patient remained ambulatory with mini-
mal assistance from a walking stick, and he could walk
unaided 1 year after treatment. Overall, limb preservation
was attained (Table 2).
Disease control

Initially, AFP responded to RT. The AFP level dropped
from 51.3 ng/mL in April 2020 before RT to 23 ng/mL in
August 2020, and it reached the nadir at 22.8 ng/mL in
October 2020. However, the AFP slowly rose after
December 2020, reaching 139 ng/mL in July 2022.



Figure 3 Dose report dose-volume histogram and target volume coverage (planning target volume in blue colorwash).

Table 1 Comparison of skin dose constraints of different guidelines

Literature Skin Maximum point, Gy 10 cm3, Gy

Current study’s patient 2.5-mm rind 0.03 cm3: 37.8
0.035 cm3: 37.7
0.5 cm3: 36.9

28.6

5-mm rind 0.03 cm3: 38.1
0.035 cm3: 37.9
0.5 cm3: 37.2

34.4

TG10114 NA 0.035 cm3: 39.5 36.5

UK SABR Consortium12 5-mm rind 0.5 cm3: 39.5 36.5

RTOG081316 5-mm rind 32 30

Timmerman17 NA 32 30

NRG BR-00115 /0024 5-mm rind 0.03 cm3: 38.5 36.5

Abbreviation: NA = not applicable.
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Table 2 Timeline of skin toxicity after radiation therapy

Follow-up
Time interval from radiation

therapy completion, wk Skin condition

June 22, 2020 Radiation therapy completed

July 2020 2 Erythema and blister

September 2020 10 Skin healed; mild swelling

December 2020 24 Hyperpigmentation

January 2021 40 Right foot ulcer with serous discharge; given antibiotics

April 2021 42 4-cm shallow ulcer; debridement and dressing

June 2021 50 2.5-cm ulcer

July 2021 54 Wound swab showed commensals only

August 2021 58 1.5-cm ulcer

January 2022 80 Skin healed, with hyperpigmentation
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Serial MRI in September 2020, May 2021, and October
2021 and whole-body CT in November 2021 showed
interval reduction in the size of the right cuboid tumor. A
dual tracer PET-CT in February 2022 showed marked
improvement in the right cuboid bone that showed subtle
acetate (SUV max, 1.6) and mild FDG (SUV max, 2.7)
uptake. However, 2 new right popliteal lymph nodes and
a new right internal iliac lymph node suspicious for dis-
ease progression were noted. In the last follow-up in Sep-
tember 2022, there was no clinical evidence of local
failure. The patient opted to continue observation and
decided not to receive further SBRT to the metastatic
lymph nodes or systemic treatment. In summary, the
patient developed radiologic outfield failure 20 months
after RT while maintaining local control beyond the 27th
month of follow-up.
Discussion
Our case report showed that SBRT to the cuboid bone
metastasis showed excellent local control. However,
oncologists need to be cautious about acute and chronic
skin toxic effects. Most studies on RT to the distal extrem-
ity have been on soft-tissue sarcoma using conventional
fractionation of 50 to 74 Gy.9,10 In our literature search,
we found only 1 case report11 on SBRT to the foot. In that
report, 30 Gy in 5 fractions was given for glomangiomato-
sis, which resulted in good symptomatic relief and mini-
mal complications. Thus, the efficacy and toxicity of
SBRT to distal extremities for bone metastases remain
largely unknown. Our prescription of 32.5 Gy in 5 frac-
tions was mainly a consideration of the skin dose con-
straint per UK SABR consortium guidance12 and our
institutional practice of a 5-fraction regimen for primary
HCC per RTOG 1112.13 Our plan successfully adhered to
the UK SABR12 and TG 10114 constraints with skin doses
of D0.5 cm3 36.9 Gy, D0.035 cm3 37.7 Gy, and D10 cm3
28.6 Gy, approaching the maximum limits. Any further
dose escalation would be challenging.

Our patient experienced both grade 2 acute and grade
4 chronic radiation dermatitis, which gradually healed 18
months after treatment. Dose constraints to the skin were
described in the UK SABR Consortium Guidance12 and
TG101,14 which were adopted in the SBRT-COMET1

study. Also, a slight variation was adopted in NRG BR-
00115 and BR-002.4 In contrast, RTOG 081316 used more
stringent dose constraints adapted from Timmerman.17

There was no dermatologic safety signal reported from
these trials. Of note, these constraints were not validated.
During treatment planning, we contoured the skin as a
2.5-mm rind (instead of 3 to 5 mm as described in other
references4,12,15,16) because the tumor was very close to
the skin and a 2.5-mm rind fully encompassed the visual-
ized skin on MRI. Retrospectively, a 5-mm rind from the
skin surface was generated to compare with the estab-
lished guidelines in Table 1. Despite the adherence to the
UK SABR Consortium Guidance12 and TG 10114 con-
straints, our patient still experienced significant skin tox-
icities that necessitated a prolonged period of wound care.

Another technical consideration was the use of bolus.
In our case, a bolus was required to provide adequate tar-
get coverage and accurate dose calculation at the superfi-
cial region. Without using bolus, a lot of inefficient, small
multileaf collimator segments will be generated to achieve
enough dose to the superficial region, which leads to an
increase of monitor unit and quality assurance failure.

To deliver an effective and safe treatment, oncologists
should balance the risk and benefit to give a higher dose.
To illustrate the tradeoff between the prescription dose,
target coverage, and skin dose in our case, we had
replanned using more conservative skin dose constraints
per RTOG 0813.17 Using the same prescription dose of
32.5 Gy/5 Fr, the resultant PTV coverage was compro-
mised—V100 dropped from 99.0% to 72.0% and D98%
dropped from 32.8 Gy to 27.5 Gy. To achieve better target



Table 3 Alternative radiation therapy plans using RTOG 081317 skin constraints

Replan 1 Replan 2 Current plan
Prescription dose 32.5 Gy in 5 fractions 30 Gy in 5 fractions 32.5 Gy in 5 fractions

Prescription isodose level, % 84.9 86.0 87.4

PTV coverage

V100, % 72.0 90.3 99.0

D98%, Gy 27.5 29.4 32.8

Skin, 5-mm rind

D0.03 cm3, Gy 31.8 31.1 38.1

D10 cm3, Gy 29.6 30.0 34.4

Abbreviation: PTV = planning target volume.
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coverage, the prescription dose had to be lowered to
30 Gy/5 Fr, with the resultant V100 and D98% at 90.3%
and 29.4 Gy, respectively (Table 3).

To date, dedicated research on SBRT-related skin tox-
icity is lacking. The occurrence of radiation dermatitis
depends on multiple patient-related, treatment-related,
and extrinsic factors, including age,18 dose,18,19 concur-
rent chemoradiation,18,19 pre-existing skin disorder, and
so on. We believe that the treatment site and the use of
skin bolus might have contributed to the skin toxicities in
our patient. In the future, a more stringent dose constraint
may be advisable in treating sites with high-risk features
including poor blood supply, a tendency for infection,
and venous insufficiency.20 More reports on SBRT-related
skin toxicity to inform on the respective dose constraint
are advisable.
Conclusion
SBRT to the foot resulted in excellent local control but
grade 4 chronic dermatitis. A more stringent skin con-
straint may be warranted to treat high-risk sites. More
reports on SBRT-related dermatitis are awaited.
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