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Simple Summary: Surgery is the standard care treatment of sarcomas, but the clinical
outcome of inoperable bulky tumors is poor. Therefore, due to tumor characteristics,
spatially fractionated radiotherapy (SFRT) might be a treatment option in these cases.
LATTICE (LRT) is a technique of SFRT that allows a high dose of radiation (10–20 Gy) to
be administered at small volumes inside a tumor, while simultaneously reducing the dose
to normal tissue. Currently, no treatment protocols are available and only a few studies
have included sarcoma patients. Therefore, the main objective of our study was to report
the clinical outcome of patients with inoperable, non-extremity sarcomas with no other
treatment option treated with LRT.

Abstract: Background: The clinical outcome of inoperable sarcoma patients treated with
LATTICE (LRT) is limited and therefore the objective of our study was to report treat-
ment response, overall survival (OS), local-recurrence free survival (LRFS) and toxicity.
Methods: This retrospective observational study includes 15 histologically proven inopera-
ble non-extremity sarcoma patients with no treatment options or no response to systemic
therapy, treated at our institution between 2020 and 2024. The patients were treated with a
combination of LRT and normo- or hypo-fractionated external beam radiotherapy. Treat-
ment response was evaluated by RECIST1.1 criteria, toxicity by CTCAE 5.0 and OS and
LRFS by Kaplan–Meier curves. Results: The median follow-up (F-UP) since the beginning
of the treatment was 10 months (range 4–32). Nine patients were male and six female.
Their mean age was 60 years. The median gross tumor volume (GTV) was 1058 cm3

(range 142–6103 cm3). The median number of spheres was 9 (4–30). All patients with
symptoms reported symptoms’ relief. Based on RECIST1.1 criteria, 10 patients (67%) had
stable local disease at 1–2 months F-UP on computed tomography (CT). Surgical resection
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was feasible in five patients. Three of them are alive without disease and two died due to
metastatic progression. From 10 (67%) non operated patients, 5 patients died (50%) due
to disease. The remaining five patients (50%) are alive, three with stable disease at 21, 22,
and 32 months of F-UP and two with disease progression who are currently receiving pal-
liative chemotherapy treatment. Reported G2 toxicity was as follows: gastrointestinal (2),
asthenia (1). Two patients had G3 toxicity: esophagitis (1) and inguinal dermatitis (1). No
acute or chronic G4–G5 toxicity was observed. Conclusions: LRT is a feasible and well-
tolerated radiation technique for inoperable bulky soft-tissue sarcomas. Further studies are
needed to establish protocols to determine which patients could benefit from palliative or
preoperative treatment.

Keywords: sarcoma; SFRT; LATTICE LRT; GRID

1. Introduction
Sarcomas are rare tumors that represent ≤1% of all adult solid malignancies [1]

and surgery plays the major role in their definitive treatment [2]. In inoperable cases,
radiotherapy is an available alternative, but the treatment outcome for large tumors is
poor [2].

Large tumor size and the presence of more hypoxic areas within the tumor require the
administration of a higher dose in order to improve the treatment outcome [3]. However,
delivering ablative doses using standard techniques is not feasible due to the high risk
of toxicity to surrounding organs at risk (OARs). With the technical improvement in
last decades, stereotactic body radiotherapy (SBRT) permits the administration of high
doses to tumors, resulting in excellent treatment outcomes for relatively small lesions [4].
However, its implementation in tumors larger than 5 cm is discouraged due to higher risk
of toxicity [5]. As a result, recently a “new–old technique” called spatially fractionated
radiation therapy (SFRT) has been implemented for the treatment of bulky tumors larger
than 6–10 cm [6,7].

Originally, in 1909, Kohler started to implement SFRT as 2D GRID therapy to decrease
the skin dose in the treatment of deep tumors [8]. SFRT allows inhomogeneous high doses
of radiation to be administered within the gross tumor, creating areas of high and low doses
known as peaks and valleys. This approach has led to its implementation in the treatment of
bulky tumors. GRID therapy can produce dramatic relief of severe symptoms [9]. Recently,
preclinical studies have reported that these ablative doses have an impact on the immune
system, leading to effects such as the bystander effect, the abscopal effect and microvascular
changes [10]. These effects are being further investigated. With the implementation of
advanced techniques, such as intensity-modulated radiotherapy (IMRT) and volumetric-
modulated radiotherapy (VMAT), a 3D configuration of SFRT known as LATTICE (LRT)
has started to be applied in clinical practice. This combination of modulated techniques
and SFRT permits better preservation of OARs with limited toxicity [11,12] and a reduction
in the dose to the skin [13].

Several recent studies suggest that SFRT treatment for primary tumors and metastatic
lesions appears to be effective and safe [9,11,13]. However, most of these studies are case
reports, and no protocols or guidelines have been established yet. Additionally, most
of these studies have had limited representation of sarcoma patients with non-extremity
localizations [12]. Therefore, the main objective of this study is to evaluate the acute toxicity,
the symptoms’ relief and treatment outcome in patients diagnosed with inoperable non-
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extremity sarcomas with no option of other active treatment, including patients with failure
to previous treatments.

2. Materials and Methods
This retrospective observational study includes 15 patients who had no other treatment

options or did not respond to systemic therapy, treated at our institution between 2020
and 2024 with palliative intention. All cases were evaluated by the tumor board prior to
the treatment.

2.1. Treatment Planification

Treatment planification was performed on computed tomography (CT) with 2–3 mm
axial slice thickness. Intravenous (i.v.) and oral contrast were administered when necessary.
After delineation of internal target volume (ITV) or gross-tumor volume (GTV), a 5 mm
axial margin was added to create the clinical target volume (CTV), while excluding OARs.
Additionally, a 5–7 mm margin was added to establish the planning target volume (PTV)).
Patients with good performance status (PS 0–1) received normofractionated external beam
radiotherapy (EBRT) with a prescription dose of 45–54 Gy (EQD2) and those with PS 2 were
treated with short course treatment of 20–25 Gy/4–5 Gy or 30 Gy/3 Gy per fraction.

Treatment planning was carried out by experienced radiotherapists and physicists,
following a protocol based on the guidelines of Grams et al. [14]. PET-TC was not routinely
performed. LRT treatment was administered before or after EBRT in a single fraction of
20 Gy to 1.5 cm diameter spheres placed within the ITV/GTV outlined on the planning
CT scan, ensuring a separation of at least 3 cm from center to center and at least 1 cm
from OARs. Three concentric volumetric rings around the spheres, with margins of 0.5 cm,
1 cm and 3 cm were generated during the optimization process. These rings had different
maximum dose objectives of 98%, 50% and 40%, respectively, in the optimizer to concentrate
the highest doses at the center of the spheres while maximizing dose sparing between
them. In general, it is not necessary to include the organs at risk (OARs) in the optimizer,
as they receive low doses due to their distance from the spheres. Additionally, the high
dose gradient created by the concentric rings effectively minimizes exposure outside the
GTV/ITV.

Treatment plans were optimized and calculated using the Acuros XB (dose to medium)
algorithm with the Eclipse v.15.6 TPS (Varian Medical Systems, Palo Alto, CA, USA),
employing the VMAT technique with 6 MVFFF energy arcs and a dose rate of 1400 MU/min.
In one patient, 10 MVFFF energy and a dose rate of 2400 MU/min were employed due to
its larger size and to shorten treatment time.

The optimization was considered complete when the following dosimetric criteria are
met: the D50% of each sphere is within ±50 cGy of the prescription dose (PD), a maximum
dose in the spheres below to 140% of the PD and the dose bridges between spheres are
approximately 30–40% of the PD. OARs constraints for the combined plans (LRT and EBRT)
were discussed and evaluated in EQD2 by both physicist and radiation oncologist.

The pre-treatment verification was performed using the electronic portal imaging
device (EPID) and evaluated with Varian Portal Dosimetry. The metric used for analysis
was a global gamma criteria (3%, 2 mm) with a threshold of 10% and a passing rate
above 90%. Additionally, for this type of treatment, a pre-treatment verification was
performed using a Quasar Respiratory Motion phantom (Modus Medical Devices) without
the respiratory motion assembly. A Semiflex 0.125 cm3 ionization chamber (PTW) was
positioned in a high-dose region (center of a sphere) and a low-dose region (between
spheres). The relative dose difference between the calculated plan and the measurements
should be less than 5%.
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Treatments were delivered in a Truebeam sTx linear accelerator with Millenium 120
MLC (Varian Medical Systems, Palo Alto, CA, USA) and equipped with the AlignRT system
(Vision RT). See an example of treatment planification in Figure 1.
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2.2. Clinical Evaluation

Daily cone beam CT (CBCT) was performed to ensure patient positioning. On the
day of the LRT, the CBCT was reviewed by the radiation oncologist to ensure that the
target regions are within the ITV/GTV and sufficiently distant from the OARs. Addi-
tionally, surface-guided radiotherapy (SGRT) using AlignRT version 6.3 was performed
to monitor patient intrafraction motion. When anatomical changes such as weight loss,
tumor shrinkage or (pseudo)progression were observed, an offline adaptive approach
was implemented.

Clinical response was evaluated by RECIST1.1 criteria. Toxicity was evaluated using
the CTCAE 5.0 scale. Symptom relief was assessed on a scale of relief, no relief or worsening
of the symptoms. The first evaluation of treatment response was performed by CT between
1 or 2 months after the end of the treatment and if no progression was observed every
3 months afterwards. Local progression free survival was defined as the time from the
beginning of the treatment until the event occurred and was evaluated using Kaplan–
Meier curves.

3. Results
3.1. Patients’ Characteristics

A total of 15 patients, 6 female and 9 males, were included in the study. The median
age was 60 years (range, 29–81). The median tumor size was 13.5 cm (range 8–40). The
median follow-up (F-UP) was 10 months (range, 4–32). The majority of the treated lesions
were primary tumors (73%). A total of 80% of lesions were localized in the abdominopelvic
area, while 20% were in the thorax. Most of them were rapidly progressive tumors. One
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patient with a chest wall–thorax lesion was previously irradiated with hypofractionated
radiotherapy in the same area. The most common histologies were undifferentiated spindle
cell sarcoma and dedifferentiated liposarcoma (47%). No concomitant chemotherapy or
immunotherapy were administered. The median GTV/ITV volume was 1058 cm3 (range,
142–6103). See the patients’ characteristics in Table 1.

Table 1. Patients’ characteristics.

Characteristics (n = 15)

Median age 60 (range 29–81)

Patient gender Male: 9 (60%)
Female: 6 (40%)

Number of lesions treated with LRT 1 lesion: 14 (93%)
2 lesions: 1 (7%)

Tumor type Primary: 11 (73%)
Metastasis: 4 (27%)

Median GTV/ITV volume (cm3) 1058 (range 142–6103)

Treatment site
Thorax: 3 (20%)

Abdomen: 7 (47%)
Pelvis: 5 (33%)

Histology

Chondrosarcoma: 2 (13%)
Dedifferentiated liposarcoma: 4 (27%)
Endometrial stromal sarcoma: 1 (7%)

Leiomyosarcoma: 2 (13%)
Malignant peripheral nerves heath tumor: 1 (7%)

Synovial sarcoma: 1 (7%)
Undifferentiated pleomorphic sarcoma: 1 (7%)
Undifferentiated spindle cell sarcoma: 3 (20%)

Performance status (PS) 0–1: 9 (60%)
2: 6 (40%)

3.2. Treatment Characteristics

The median number of spheres was 9 (range 4–30). Fourteen patients received 20 Gy
in a single fraction with LRT. Only one patient with a bulky tumor lesion in the thoracic
area and significant dyspnea received five fractions of 13.5 Gy. Regarding EBRT, nine (60%)
patients with PS 1 received 45–54 Gy (2 Gy per fraction), five (33%) patients with PS 2
received a hypofractionated dose of 20–25 Gy (4–5 Gy per fraction) and one (7%) patient
with PS 2 and bulky paraesophageal lesion received 30 Gy (3 Gy per fraction).

The median time between LRT and EBRT treatment was 1 day. Nine patients started
EBRT one or two days after LRT, while five patients started between five and nine days
later. Only 1 patient received the EBRT 14 days after EBRT because initially an IGABT
boost was indicated, but was later switched to LRT treatment. Table 2 shows treatment
parameters for all patients, and Figure 1 illustrates an example of one patient’s dosimetric
plan for LRT (a and b) and the total treatment plan (c).

All patients were treated with the VMAT technique. Thirteen (87%) patients received
LRT treatment followed by EBRT. Only two (13%) patients were treated with a different
regimen: The first one received LRT as a boost technique after EBRT. The patient’s tumor
was in the pelvic cavity and initially image-guided brachytherapy (IGABT) was proposed;
it was not technically possible due to tumor depth and changing the LRT treatment was pro-
posed. The second patient had multiple symptoms such as hypoalbuminemia and anaemia,
which required frequent blood transfusion. Given the urgency of the situation, EBRT was
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started while the LRT treatment was prepared. Therefore, the SFRT was administered
during the EBRT treatment.

Table 2. Treatment parameters.

Treatment Parameters Median (Range)

Number of spheres 9 (4–30)

LRT dose (Gy) 20

EBRT dose (Gy) 45 (20–54)

Number of EBRT fractions 25 (5–27)

Number of days between LRT and EBRT 1 (1–14)

Replanning was performed in two patients: the first due to weight loss and tumor
reduction, and the second because two lesions were treated with LRT during the same
treatment course. The first lesion was treated before beginning the normofractionated
regimen, while the second lesion, located near the heart, was treated during the EBRT
course due to progression observed on the CBCT.

3.3. Treatment Outcome

Eleven (73%) patients had symptoms depending on tumor localization such as pain,
constipation, dyspnea, edema, anemia and asthenia at the beginning of the treatment. All
of them reported improvement in symptoms during the treatment. Based on RECIST1.1
criteria, 10 (67%) patients had stable disease, while 5 patients (33%) local progression at
first F-UP at 1–2 months. See Table 3.

Table 3. Clinical results and toxicity.

Clinical Results and Toxicity

Number of patients with symptoms before treatment 11 (73%)

Clinical response
No: 0

Yes: 11 (100%)
Worsening: 0

Number of patients operated 5 (33%)

RECIST1.1 criteria Stable disease: 10 (67%)
Progression: 5 (33%)

Toxicity G0 5 (33%)

Toxicity G1
Skin: 1 (7%)

Gastrointestinal: 4 (27%)
Genitourinary: 2 (13%)

Toxicity G2 Gastrointestinal: 2 (13%)
Asthenia: 1 (7%)

Toxicity G3 Gastrointestinal: esophagitis: 1 (7%)
Skin: 1 (7%)

Pathological response of operated patients (median, range) 45% (10–90%)

One-year OS rate was 43% and one-year local recurrence free survival rate was 49%.
See Figures 2 and 3.
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Of the five (33%) patients with symptoms’ relief and stable disease by RECIST1.1
criteria who after the tumor growth stabilization could be operated on, two died: one
due to pulmonary progression 11 months after RT and the other due to peritoneal and
local progression (tumor rupture during the surgery was reported) 13 months after the
RT. The remaining three operated patients are alive and disease-free at 7, 9 and 20 months
F-UP. One of them, with multiple symptoms, including anemia that required various
blood transfusions, before beginning the treatment, urgent EBRT had been started, LRT was
administered during the treatment and replanification was required due to tumor reduction
and weight loss. The patient’s symptoms disappeared with a 27% tumor reduction on CT.
Subsequently, the patient underwent surgery; however, only a 10% pathological response
was reported. The patient is disease-free at the last F-UP (20 months).

From ten (67%) non operated patients, five patients died (50%): one due to local
progression, three due to both local and metastatic progression and one due to intestinal
occlusion because of extrinsic tumor compression. The remaining five patients (50%) are
alive: three with stable disease at 21, 22 and 32 months of F-UP and two with disease
progression, who are currently receiving palliative chemotherapy treatment.

No differences in clinical or radiological responses were detected according to RECIST
1.1 criteria between the different doses. All patients demonstrated a clinical response,
regardless of the EBRT dose received. Among the five patients with local progression at
the first follow-up, three had received 45–54 Gy in 25–27 fractions and two had received
20 Gy in five fractions. However, all operated patients with stable disease, as per RECIST
1.1 criteria, had received 45 Gy. Of the three long-term survivors with stable disease, two
received 50 Gy, while the remaining patient received 25 Gy in 5 fractions.
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3.4. Toxicity

No ≥G4 toxicity was reported. Five (33%) patients had no toxicity, and ten (67%)
patients had at least one G1–G2 toxicity. The most reported toxicity was G1–G2 gastroin-
testinal (GIT) toxicity such as diarrhea, nausea or bloating, affecting 40% of patients. Only
two patients had G3 toxicity: One of the patients, who had a bulky paraesophageal lesion
along the entire esophagus, was treated with 30 Gy in 10 fractions after LRT therapy. This
patient developed G3 esophagitis, which required hospitalization and parenteral nutrition.
No ulceration on gastroscopy was observed and nasogastric tube was removed. Posteriorly,
the patient experienced single lung metastasis treated with SBRT, and renal metastasis
treated with cryoablation. The patient is currently receiving chemotherapy treatment due
to local progression 8 months after LRT. The second patient with inguinal-pelvic chon-
drosarcoma reported G3 inguinal skin toxicity with local and tumor infection that required
drainage and intravenous antibiotic treatment. The patient’s tumor progressed 2 months
after the end of treatment. See more details in Table 3.

4. Discussion
LRT can be administered as a unique treatment in 1–5 fractions [7,15,16] or in combi-

nation with normo-or hypofractionated EBRT, either as consecutive treatments or as an
integrated boost [13,17–19]. However, standardized protocols or recommendations are
not available yet for treatment planning or patients’ selection. Recently, a consensus was
published on the design of prospective clinical−translational trials in SFRT in head and
neck and sarcoma cancer patients, but non-extremity sarcomas and more radioresistant
sarcomas such osteo- or chondrosarcomas were not included [20].

The majority of published studies are case reports or retrospective studies with lung
and gynecological tumors being the most frequently treated [9,12]. The representation of
sarcomas in these studies is poor, as they are rare and highly heterogeneous tumors. [13,18,21].
Additionally, they are considered as radioresistant tumors, requiring a higher dose to be
treated. However, some studies suggest that, due to sarcoma characteristics, patients might
benefit from SFRT (LRT/GRID) treatment [22]. In a recently published study, the spheres
have been placed in necrotic areas with lower SUV activity in PET-TC and clinical results are
promising [18].

The primary objective of the SFRT studies published to date has been symptom relief,
which was achieved in all of our patients during the follow-up period. The results are
consistent with the available literature [12,18,23]. Some studies have also reported an
important tumor reduction, but most of them included non-sarcoma histologies that are
more sensible to radiotherapy [12]. Recently, initial studies evaluating SFRT (GRID or LRT)
in sarcoma patients have reported tumor responses ranging from 76 to 91% [23–25]. The
series in these studies are heterogenous, with some focusing only on extremity sarcomas [24],
and others including various tumor sites [23,25]. Additionally, some patients also received
concomitant chemotherapy [24]. Furthermore, the criteria for evaluating response are not
uniform, with some studies classifying responses as complete, partial (any reduction in
tumor size) or tumor progression [23]. Our treatment response was evaluated based on
RECIST1.1 criteria at 1–2 months after the end of treatment. Only one patient had a 27%
tumor reduction, categorized as stable disease by RECIST1.1 criteria. However, five patients
classified as having a stable disease by RECIST1.1 criteria underwent surgery and showed
10–90% pathological tumor necrosis. Until now, only few studies or case reports where
SFRT treatment was administered preoperatively are available, reporting a pathological
response ranging from 0 to 100% [24,26–28]. To the best of our knowledge, this is the first
study where 33% of abdominopelvic sarcoma patients turned to be operable after LRT,
suggesting that some selected patients might benefit from neoadjuvant SFRT. We have
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observed discrepancies between clinical, radiological and pathological responses, indicating
that other evaluation criteria, for example Choi criteria, including size and tumor density on
CT, should be considered in assessing treatment response [29].

Additionally, the timing for clinical evaluation remains unclear. Published studies
show variability in the timing of the first radiological assessment; however, recent consensus
recommends evaluation within 1–2 months [20]. In our study, patients were evaluated
by CT at 1–2 moths F-UP. It should be noted that three of our non-operated patients with
stable disease and no chemotherapy administration, who are long-term survivors, showed
maximum treatment response at 2, 7 and 19 months of F-UP. Therefore, a consecutive
evaluation is crucial.

In recent published studies including only sarcoma patients treated with SFRT, the
1-y LC and 1-y OS rates were 82% and 53% respectively [23], whereas in our study were
52% and 42%, respectively. One of the reasons could be that the median tumor volume in
our cohort was significatively larger (1058 cm3) in comparison to reported studies with
146.48 cm3 by Ferini et al. [18] or 636 cm3 in Ahmed et al. [23]. Further, no concomitant
chemotherapy or immunotherapy was administered in our study. Tumor location may
also have an impact on treatment outcomes, as 80% of our patients had abdomen–pelvic
tumors in comparison to 52% in the study by Ahmed et al. [23]. Another difference is the
treatment planning method, which was conducted following a conservative approach [14],
but no G4–5 toxicity was observed in comparison to other studies that reported tumor lysis,
fistulae or perforation [11,23].

Overall, a single dose of LRT at 15–20 Gy and normofractionated EBRT seems to
be safe, with most studies reporting only 20% of G1–G2 toxicities [23]. Our study ex-
clusively includes non-extremity sarcoma patients with different histologies treated with
LRT technique at a 20 Gy dose in spheres combined with either a normofraccionated
or hypofractionated EBRT. The reported G1–2 toxicity in our study was 67%, with only
two patients experiencing G3 toxicity. The first of these patients was diagnosed with a
groin–pelvis chondrosarcoma and the EBRT dose was escalated to 50.4 Gy, as previous stud-
ies had shown that the administration of >50 Gy [25] led to improved treatment outcome.
Skin tolerance in the groin area is generally poorer in comparison to other skin locations,
which likely contributed to the toxicity, as reported in other previous studies [23,25]. The
second patient with G3 toxicity had a paraesophageal mediastinal lesion and received
30 Gy in 10 fractions of EBRT. The lesion extended around the entire esophagus, making it
difficult to determine whether the toxicity was due to LRT or EBRT. Additionally, in our
LRT planification, OARs, including main vessels, nerves, bones and skin were carefully
avoided, resulting in minimal dose exposure. Factors such as 40% of patients with PS
2, the predominance of lesions in abdominopelvic location, larger tumor volumes and
hypofractionation may have contributed to the increased toxicity observed. Therefore,
hypofractionated EBRT after LRT in the abdominopelvic area in patients with worse PS
should be approached with caution.

Our study has several limitations, the main one being its retrospective nature. Regard-
ing treatment planning, in the case of large tumor volumes, placing the spheres according
to the guidelines of Grams et al. [14] made optimization impossible due to the high number
of high dose regions. Therefore, in these cases, the number of spheres was reduced by
increasing the spacing between them within the tumor. Additionally, it is important to note
that our patient cohort is small, consisting of heterogenous sarcoma subhistologies, with
the majority having lesions in the abdominopelvic region. Despite this, we have reported
the largest number of operated abdominopelvic sarcoma patients previously treated with
LRT published to date. Further, in our study QoL evaluation was not reported and the
toxicity might be underreported due to reliance on physician reported outcomes [30].
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5. Conclusions
SFRT treatment is generally well tolerated and the published results are promising.

However, the treatment indication (palliative or preoperative), patient selection criteria,
standardized treatment protocols and timing for treatment evaluation remain unclear.
Further prospective studies are required to address these aspects, as some selected patients
might benefit from planned preoperative SFRT.

Author Contributions: Conceptualization: K.M., J.I.V., N.T.A. and J.A.G.-L.; methodology: K.M.,
N.T.A., H.V.B. and G.S.-P.; software: N.T.A., H.V.B., M.M.S. and G.G.d.S.M.; formal analysis: N.T.A.,
H.V.B. and J.V.R.C.; investigation: K.M., A.V.C., J.I.V. and N.T.A.; resources: K.M., S.B.R. and D.H.J.;
data curation: K.M. and N.T.A.; writing—original draft preparation: K.M. and N.T.A.; writing—
review and editing: K.M., N.T.A., J.I.V., H.V.B., A.V.C., G.S.-P., S.B.R., J.V.R.C., D.H.J., A.P.I., S.R.M.,
J.A.G.-L., G.S.-P. and A.S.; visualization: K.M. and N.T.A.; supervision: G.S.-P.; project administration:
K.M. and N.T.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee for Research with Medicinal Products of Fundació
de Gestió Sanitària de l’Hospital de la Santa Creu i Sant Pau de Barcelona (protocol code IIBSP-LAT-
2024-177, date of approval 27 January 2025).

Informed Consent Statement: The ethical committee has determined that our study is exempt from
the requirement of informed consent.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Lahat, G.; Lazar, A.; Lev, D. Sarcoma Epidemiology and Etiology: Potential Environmental and Genetic Factors. Surg. Clin. N.

Am. 2008, 88, 451–481. [CrossRef]
2. Armstrong, S.A.; Bishop, A.J.; Bui, M.M.; Carr-Ascher, J.; Choy, E.; Dry, S.; Eulo, V.; Ganjoo, K.N.; Gonzalez, R.J.; Holder, A.; et al.

NCCN Guidelines Version 2.2023 Soft Tissue Sarcoma; National Comprehensive Cancer Network: Philadelphia, PA, USA, 2023.
3. Kepka, L.; DeLaney, T.F.; Suit, H.D.; Goldberg, S.I. Results of radiation therapy for unresected soft-tissue sarcomas. Int. J. Radiat.

Oncol. 2005, 63, 852–859. [CrossRef]
4. Palma, D.A.; Olson, R.; Harrow, S.; Gaede, S.; Louie, A.V.; Haasbeek, C.; Mulroy, L.; Lock, M.; Rodrigues, G.B.; Yaremko, B.P.;

et al. Stereotactic Ablative Radiotherapy for the Comprehensive Treatment of Oligometastatic Cancers: Long-Term Results of the
SABR-COMET Phase II Randomized Trial. J. Clin. Oncol. 2020, 38, 2830–2838. [CrossRef] [PubMed]

5. Allibhai, Z.; Taremi, M.; Bezjak, A.; Brade, A.; Hope, A.J.; Sun, A.; Cho, B.C.J. The Impact of Tumor Size on Outcomes After
Stereotactic Body Radiation Therapy for Medically Inoperable Early-Stage Non-Small Cell Lung Cancer. Int. J. Radiat. Oncol. 2013,
87, 1064–1070. [CrossRef] [PubMed]

6. Griffin, R.J.; Ahmed, M.M.; Amendola, B.; Belyakov, O.; Bentzen, S.M.; Butterworth, K.T.; Chang, S.; Coleman, C.N.; Djonov, V.;
Formenti, S.C.; et al. Understanding High-Dose, Ultra-High Dose Rate, and Spatially Fractionated Radiation Therapy. Int. J.
Radiat. Oncol. 2020, 107, 766–778. [CrossRef]

7. Mohiuddin, M.; Fujita, M.; Regine, W.F.; Megooni, A.S.; Ibbott, G.S.; Ahmed, M.M. High-dose spatially-fractionated radiation
(GRID): A new paradigm in the management of advanced cancers. Int. J. Radiat. Oncol. 1999, 45, 721–727. [CrossRef] [PubMed]

8. Marks, H. Clinical experience with irradiation through a grid. Radiology 1952, 58, 338–342. [CrossRef] [PubMed]
9. Wu, X.; Perez, N.C.; Zheng, Y.; Li, X.; Jiang, L.; Amendola, B.E.; Xu, B.; Mayr, N.A.; Lu, J.J.; Hatoum, G.F.; et al. The Technical and

Clinical Implementation of LATTICE Radiation Therapy (LRT). Radiat. Res. 2020, 194, 737–746. [CrossRef] [PubMed]
10. Billena, C.; Khan, A.J. A Current Review of Spatial Fractionation: Back to the Future? Int. J. Radiat. Oncol. 2019, 104, 177–187.

[CrossRef] [PubMed]
11. Duriseti, S.; Kavanaugh, J.A.; Szymanski, J.; Huang, Y.; Basarabescu, F.; Chaudhuri, A.; Henke, L.; Samson, P.; Lin, A.; Robinson,

C.; et al. LITE SABR M1: A phase I trial of Lattice stereotactic body radiotherapy for large tumors. Radiother. Oncol. 2022, 167,
317–322. [CrossRef] [PubMed]

https://doi.org/10.1016/j.suc.2008.03.006
https://doi.org/10.1016/j.ijrobp.2005.03.004
https://doi.org/10.1200/JCO.20.00818
https://www.ncbi.nlm.nih.gov/pubmed/32484754
https://doi.org/10.1016/j.ijrobp.2013.08.020
https://www.ncbi.nlm.nih.gov/pubmed/24210082
https://doi.org/10.1016/j.ijrobp.2020.03.028
https://doi.org/10.1016/S0360-3016(99)00170-4
https://www.ncbi.nlm.nih.gov/pubmed/10524428
https://doi.org/10.1148/58.3.338
https://www.ncbi.nlm.nih.gov/pubmed/14900413
https://doi.org/10.1667/RADE-20-00066.1
https://www.ncbi.nlm.nih.gov/pubmed/33064814
https://doi.org/10.1016/j.ijrobp.2019.01.073
https://www.ncbi.nlm.nih.gov/pubmed/30684666
https://doi.org/10.1016/j.radonc.2021.11.023
https://www.ncbi.nlm.nih.gov/pubmed/34875286


Cancers 2025, 17, 624 11 of 11

12. Iori, F.; Cappelli, A.; D’Angelo, E.; Cozzi, S.; Ghersi, S.F.; De Felice, F.; Ciammella, P.; Bruni, A.; Iotti, C. Lattice Radiation Therapy
in clinical practice: A systematic review. Clin. Transl. Radiat. Oncol. 2023, 39, 100569. [CrossRef] [PubMed]

13. Borzov, E.; Bar-Deroma, R.; Lutsyk, M. Physical aspects of a spatially fractionated radiotherapy technique for large soft tissue
sarcomas. Phys. Imaging Radiat. Oncol. 2022, 22, 63–66. [CrossRef] [PubMed]

14. Grams, M.P.; Owen, D.; Park, S.S.; Petersen, I.A.; Haddock, M.G.; Jeans, E.B.; Finley, R.R.; Ma, D.J. VMAT Grid Therapy: A Widely
Applicable Planning Approach. Pract. Radiat. Oncol. 2021, 11, e339–e347. [CrossRef] [PubMed]

15. Iori, F.; Botti, A.; Ciammella, P.; Cozzi, S.; Orlandi, M.; Iori, M.; Iotti, C. How a very large sarcomatoid lung cancer was efficiently
managed with lattice radiation therapy: A case report. Ann. Palliat. Med. 2022, 11, 3555–3561. [CrossRef]

16. Jiang, L.; Li, X.; Zhang, J.; Li, W.; Dong, F.; Chen, C.; Lin, Q.; Zhang, C.; Zheng, F.; Yan, W.; et al. Combined High-Dose LATTICE
Radiation Therapy and Immune Checkpoint Blockade for Advanced Bulky Tumors: The Concept and a Case Report. Front. Oncol.
2021, 10, 548132. [CrossRef]

17. Mayr, N.A.; Mohiuddin, M.; Snider, J.W.; Zhang, H.; Griffin, R.J.; Amendola, B.E.; Hippe, D.S.; Perez, N.C.; Wu, X.; Lo, S.S.; et al.
Practice Patterns of Spatially Fractionated Radiation Therapy: A Clinical Practice Survey. Adv. Radiat. Oncol. 2024, 9, 101308.
[CrossRef] [PubMed]

18. Ferini, G.; Parisi, S.; Lillo, S.; Viola, A.; Minutoli, F.; Critelli, P.; Valenti, V.; Illari, S.I.; Brogna, A.; Umana, G.E.; et al. Impressive
Results after “Metabolism-Guided” Lattice Irradiation in Patients Submitted to Palliative Radiation Therapy: Preliminary Results
of LATTICE_01 Multicenter Study. Cancers 2022, 14, 3909. [CrossRef] [PubMed]

19. Spałek, M.J. Lattice radiotherapy: Hype or hope? Ann. Palliat. Med. 2022, 11, 3378–3381. [CrossRef]
20. Mayr, N.A.; Snider, J.W.; Regine, W.F.; Mohiuddin, M.; Hippe, D.S.; Peñagarícano, J.; Mohiuddin, M.; Kudrimoti, M.R.; Zhang, H.;

Limoli, C.L.; et al. An International Consensus on the Design of Prospective Clinical–Translational Trials in Spatially Fractionated
Radiation Therapy. Adv. Radiat. Oncol. 2022, 7, 100866. [CrossRef] [PubMed]

21. Duriseti, S.; Kavanaugh, J.; Goddu, S.; Price, A.; Knutson, N.; Reynoso, F.; Michalski, J.; Mutic, S.; Robinson, C.; Spraker, M.B.
Spatially fractionated stereotactic body radiation therapy (Lattice) for large tumors. Adv. Radiat. Oncol. 2021, 6, 100639. [CrossRef]

22. Yan, W.; Khan, M.K.; Wu, X.; Simone, C.B.; Fan, J.; Gressen, E.; Zhang, X.; Limoli, C.L.; Bahig, H.; Tubin, S.; et al. Spatially
fractionated radiation therapy: History, present and the future. Clin. Transl. Radiat. Oncol. 2020, 20, 30–38. [CrossRef] [PubMed]

23. Ahmed, S.K.; Petersen, I.A.; Grams, M.P.; Finley, R.R.; Haddock, M.G.; Owen, D. Spatially Fractionated Radiation Therapy in
Sarcomas: A Large Single-Institution Experience. Adv. Radiat. Oncol. 2024, 9, 101401. [CrossRef]

24. Mohiuddin, M.; Memon, M.; Nobah, A.; Elsebaie, M.; AL Suhaibani, A.; Pant, R.; Shaheen, M.; Alyamani, M.; Al Dayal, F.
Locally advanced high-grade extremity soft tissue sarcoma: Response with novel approach to neoadjuvant chemoradiation using
induction spatially fractionated GRID radiotherapy (SFGRT). J. Clin. Oncol. 2014, 32, 10575. [CrossRef]

25. Mohiuddin, M.; Miller, T.; Ronjon, P.; Malik, U. Spatially Fractionated Grid Radiation (SFGRT): A Novel Approach in the
Management of Recurrent and Unresectable Soft Tissue Sarcoma. Int. J. Radiat. Oncol. 2009, 75, S526. [CrossRef]

26. Snider, J.W.; Molitoris, J.; Shyu, S.; Diwanji, T.; Rice, S.; Kowalski, E.; Decesaris, C.; Remick, J.S.; Yi, B.; Zhang, B.; et al. Spatially
Fractionated Radiotherapy (GRID) Prior to Standard Neoadjuvant Conventionally Fractionated Radiotherapy for Bulky, High-
Risk Soft Tissue and Osteosarcomas: Feasibility, Safety, and Promising Pathologic Response Rates. Radiat. Res. 2020, 194, 707–714.
[CrossRef] [PubMed]

27. Hatoum, G.F.; Temple, H.T.; Garcia, S.A.; Zheng, Y.; Kfoury, F.; Kinley, J.; Wu, X. Neoadjuvant Radiation Therapy with
Interdigitated High-Dose LRT for Voluminous High-Grade Soft-Tissue Sarcoma. Cancer Manag. Res. 2023, 15, 113–122. [CrossRef]
[PubMed]

28. Kaiser, A.; Mohiuddin, M.M.; Jackson, G.L. Dramatic response from neoadjuvant, spatially fractionated GRID radiotherapy
(SFGRT) for large, high-grade extremity sarcoma. J. Radiat. Oncol. 2013, 2, 103–106. [CrossRef]

29. Stacchiotti, S.; Collini, P.; Messina, A.; Morosi, C.; Barisella, M.; Bertulli, R.; Piovesan, C.; Dileo, P.; Torri, V.; Gronchi, A.; et al.
High-Grade Soft-Tissue Sarcomas: Tumor Response Assessment—Pilot Study to Assess the Correlation between Radiologic and
Pathologic Response by Using RECIST and Choi Criteria. Radiology 2009, 251, 447–456. [CrossRef] [PubMed]

30. Roets, E.; van der Graaf, W.; van Riet, B.H.G.; Haas, R.L.; Younger, E.; Sparano, F.; Wilson, R.; van der Mierden, S.; Steeghs, N.;
Efficace, F.; et al. Patient-reported outcomes in randomized clinical trials of systemic therapy for advanced soft tissue sarcomas in
adults: A systematic review. Crit. Rev. Oncol./Hematol. 2024, 197, 104345. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ctro.2022.100569
https://www.ncbi.nlm.nih.gov/pubmed/36590825
https://doi.org/10.1016/j.phro.2022.04.010
https://www.ncbi.nlm.nih.gov/pubmed/35572042
https://doi.org/10.1016/j.prro.2020.10.007
https://www.ncbi.nlm.nih.gov/pubmed/33130318
https://doi.org/10.21037/apm-22-246
https://doi.org/10.3389/fonc.2020.548132
https://doi.org/10.1016/j.adro.2023.101308
https://www.ncbi.nlm.nih.gov/pubmed/38405319
https://doi.org/10.3390/cancers14163909
https://www.ncbi.nlm.nih.gov/pubmed/36010902
https://doi.org/10.21037/apm-22-1081
https://doi.org/10.1016/j.adro.2021.100866
https://www.ncbi.nlm.nih.gov/pubmed/35198833
https://doi.org/10.1016/j.adro.2020.100639
https://doi.org/10.1016/j.ctro.2019.10.004
https://www.ncbi.nlm.nih.gov/pubmed/31768424
https://doi.org/10.1016/j.adro.2023.101401
https://doi.org/10.1200/jco.2014.32.15_suppl.10575
https://doi.org/10.1016/j.ijrobp.2009.07.1200
https://doi.org/10.1667/RADE-20-00100.1
https://www.ncbi.nlm.nih.gov/pubmed/33064802
https://doi.org/10.2147/CMAR.S393934
https://www.ncbi.nlm.nih.gov/pubmed/36776730
https://doi.org/10.1007/s13566-012-0064-5
https://doi.org/10.1148/radiol.2512081403
https://www.ncbi.nlm.nih.gov/pubmed/19261927
https://doi.org/10.1016/j.critrevonc.2024.104345
https://www.ncbi.nlm.nih.gov/pubmed/38582227

	Introduction 
	Materials and Methods 
	Treatment Planification 
	Clinical Evaluation 

	Results 
	Patients’ Characteristics 
	Treatment Characteristics 
	Treatment Outcome 
	Toxicity 

	Discussion 
	Conclusions 
	References

