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Purpose: To report a case of large extremity soft tissue sarcoma (2933 cc), safely treated with a novel approach of interdigitating
high-dose LATTICE radiation therapy (LRT) with standard radiation therapy as a neoadjuvant treatment to surgery.

Patients and Methods: Four sessions of high-dose LRT were delivered in a weekly interval, interdigitated with standard radiation
therapy. The LRT plan consisted of 15 high-dose vertices receiving a dose >12 Gy per session, with 2-3 Gy to the peripheral margin of
the tumor. The patient underwent surgical excision 2 months after the new regimen of induction radiation therapy.

Results and Discussion: The patient tolerated the radiation therapy regimen well. The post-operative assessment revealed a negative
surgical margin and over 95% necrosis of the total tumor volume. The post-surgical wound complication was mitigated by outpatient
wound care. Interdigitating multiple sessions of high-dose LATTICE radiation treatments with standard neoadjuvant radiation therapy
as a neoadjuvant therapy for soft tissue sarcoma was feasible and did not incur additional toxicity in this clinical case. A phase-I/II trial
will be conducted to further evaluate the toxicity and efficacy of the new treatment strategy with the intent to increase the rate of
pathologic necrosis, which has been shown to positively correlate with the overall survival.
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Introduction
Soft Tissue Sarcomas (STS) are a heterogeneous group of tumors with varying clinical and pathologic characteristics. They
collectively account for less than 1% of all adult malignancies and 15% of pediatric malignancies.' The tumor volumes
are often large at the time of diagnosis, with extremities being the primary locations and abdomen the secondary.*

The therapeutic strategies of treating extremities STS are aimed at maximizing local tumor control and improving
survival while preserving and maximizing limb function. Over the years, cumulated data from a wide range of clinical
studies has firmly established the role of radiation therapy (RT) in the treatment management of STS, in either neoadjuvant

=27 although

or adjuvant setting to limb-sparing surgery, especially for the group of patients with large high-grade tumors,
the optimal radiation-surgery sequence in terms of oncologic outcomes has not yet been rigorously defined.

From the cumulated clinical data, the National Comprehensive Cancer Network (NCCN) guidelines recommend
either preoperative or postoperative RT for large (>5 cm) high-grade STS, but surgery with wide margins alone can be
considered for smaller lower-grade tumors. The typical preoperative external beam RT (EBRT) dose has been 50 Gy in
1.8 to 2.0 Gy per fraction. Based on the individualized toxicity evaluation, RT boost might be used for patients with

positive surgical margins.'
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As technologies in radiation therapy have evolved and improved, intensity modulated radiation therapy (IMRT) with
image guidance (IGRT) has become the preferred choice of EBRT, due to its capacity to reduce toxicity.*®

The currently established margins of CTV (clinical target volume) for intermediate- to high-grade tumors are 3 to
4 cm beyond the GTV in the longitudinal (proximal and distal) directions, and 1.5 cm beyond the GTV in the radial
directions, excluding uninvolved anatomic barriers to tumor spread (such as bone), and including peritumoral edema. An
additional 5 mm of margins are added to CTV to form PTV (planning target volume), if image-guided IMRT techniques
are used.”~°

Although surgery with radiotherapy can offer a cure for patients with primary soft tissue sarcomas, when nearly half
of patients recur, the prognosis is poor, with an estimated median survival of 12 to 15 months, and with only palliative
treatment options available.>' This trend becomes progressively more critical for larger (>5cm) and high-grade tumors.
Despite the consistent efforts of further improving treatment outcome of primary STS, the rarity of the disease inevitably
resulted in the comparatively few novel therapeutic breakthroughs. The implementation of IMRT and IGRT, although
associated with lower toxicity, has not demonstrated improvement in disease control and survival.’* The strategy of
adding chemotherapy to the neoadjuvant schedule also has not shown consistent advantages, while imposing additional
chemotherapy-related toxicities.”’*>>° In recent years the developments in sarcoma treatment have been principally
focused on cytotoxic, targeted, epigenetic, and immune therapy agents, with inconsistent clinical outcomes.’’

As the battle against STS continues, clinicians and researchers are looking at indications and directions from which new
advances may bring about better clinical outcomes. One such particular indicator is the rate of pathologic necrosis induced by
neoadjuvant therapies. Eilber et al first reported improved outcomes associated with near-complete necrosis rates.>® The 5- and
10-year local recurrence rates for patients with >95% pathologic necrosis were 6% and 11%, respectively compared to 17%
and 23% for patients with less than 95% pathologic necrosis. The 5- and 10-year survival rates for the patients with >95%
pathologic necrosis were 80% and 71%, respectively compared to 62% and 55% for the patients with less than 95% pathologic
necrosis. MacDermed et al further reported similar results, showing a significant association between FFDM (freedom from
distant metastasis) and treatment-induced necrosis; FFDM was 84.6% in those with >90% treatment-induced tumor necrosis
vs 19.9% (p = 0.02), compared to those with less necrosis.>” More recent studies, RTOG 9514 and 0630 trials?’ and
a retrospective international multicenter study* reported statistically significant positive correlation between high rate of
neoadjuvant treatment-induced tumor necrosis and the overall survival.

Unfortunately, even with aggressive neoadjuvant therapeutic schedules such as chemo-radiotherapy, pathologic necro-
sis indices are generally low. MacDermed et al reported 50% of their cohort (34 patients) achieved treatment-induced tumor
necrosis 0f>90%. Eilber et al reported 14% of their cohort (496 patients) achieved >95% treatment-induced tumor necrosis.
Choong et al observed >80% necrosis in only 15 of 38 (39%) tumors following standard neoadjuvant RT.*' The RTOG trials
0630 and 9514 reported 19.4% and 27.5% of patients with large high-grade STS achieved tumor necrosis of >80%
respectively.”” Bonvalot et al reported 22% of the 330 patients achieve tumor necrosis of >95%.*

Among the novel approaches to achieve higher rate of pathologic tumor necrosis is the addition of GRID radiotherapy
to the standard RT in the neoadjuvant treatment. Snider et al reported the early results of the new strategy implemented at
the University of Maryland Medical Center.** A single fraction of 15 Gy GRID therapy prescribed to Dmax (depth of
maximum dose) was delivered prior to the conventionally fractionated RT of 45 to 50.4 Gy in 1.8-2.25 Gy/fraction. They
reported six (35.3%) of the 17 patients with high-grade sarcoma achieved a pCR (pathologic complete response) with
their regimen. They also reported a major wound complication in 34.6% of the study cohort (26 patients).

GRID radiation therapy technique was invented by Alban Kohler in 1930s to safely treat large tumors when only kV
x-rays machines were available.***® The GRID, a multi-perforated block, divides large field of radiation into an array of
beam-lets with each having a diameter of about 1 cm, separated by 1-2 cm, resulting in a signature “Peak-Valley”,
oscillating dose distribution.

In the modern era of megavoltage x-ray radiotherapy, GRID continued to be used for palliative treatment of bulky
tumors with favorable clinical outcomes, and was coined Spatially Fractionated Radiotherapy (SFRT).*~¢°

The objectives and expectations of SFRT have evolved over time and can currently be categorized into three groups:
1. Delivering partial RT boost; 2. Mediating bystander/abscopal effects; 3. Combination of the first two. The objective-1
inherited the original principle of safe dose escalation with minimal toxicity by spatially segmenting the irradiated field.
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The objective-2 has come from the new insights of modern radiobiology, with strong indications of underlying
mechanisms including radiation-induced antitumor immunity and reperfusion, but awaiting for systemic
confirmation.®' "

As a 3D extension of the technique, introduced in 2010, LATTICE radiotherapy (LRT) utilizes modern radiotherapy
therapy systems and techniques such as IMRT, VMAT (Volumetric Arc Therapy), robotic convergent beams and the
Bragg peaks of charged particle beams to deliver islands of high doses (vertices) within the tumor volume, with the
typical peak-valley dose distribution, and avoiding high dose outside of tumor volume.”>’® Keeping the essence of its 3D
characteristics, LRT could be applied in various forms, from being the sole treatment, field-in-field simultaneous boost,
integration with conventional RT, to having the vertices selectively placed in regions of differential biological
significance.”” *® Given the unique advantage of LRT over GRID in avoiding high doses to the surrounding normal
tissues, it is a logical choice to use LRT for escalating boost dose further.

This report presents a clinical case of interdigitating multiple sessions of high-dose LRT with standard neoadjuvant
RT for large high-grade STS, with the objective to increase pathologic necrosis without added toxicities.

Patients and Methods

Rational

Soft tissue sarcomas are inherently resistant to chemotherapy and relatively insensitive to radiation. To increase tumor
necrosis, an aggressive amount of boost dose is needed. The early experience of using a single fraction of GRID RT as
a boost to the standard RT regimen has indicated a moderate increase of treatment-induced tumor necrosis.*? Further
escalating the boost dose by applying more fractions of GRID RT would inevitably incur additional toxicity. Given the
known advantage of LRT which could effectively limit the dose outside of tumor volume, we propose to use multiple
sessions of high-dose LRT interdigitated with the standard EBRT (LRT|EBRT) in the preoperative setting. More
specifically, in the schedule of the standard EBRT, one out of every five fractions will be replaced by a LRT session,
for example, delivering a session of LRT on Monday followed by 4 fractions of standard RT from Tuesday to Friday. For
each LRT session, while delivering high dose (=10 Gy) to the vertices, the tumor periphery will be kept at or close to the
standard RT fractional dose of 2.0 Gy, as such the total dose to the margin of PTV (planning target volume) stays the
same as the standard induction EBRT. The primary goal of adding interdigitated multiple sessions of high-dose LRT is to
achieve a higher rate of neoadjuvant treatment-induced tumor necrosis with negative surgical margins. No added toxicity
will be anticipated with LRT, as high doses are exclusively enclosed within the main tumor volume.

Case Description
A 53-year-old white male was presented with a stage IIIB, (cT4NOMO, G3) high-grade liposarcoma of the medial left
thigh, measuring 28x12x11 cm (2933 cc). Preoperative radiotherapy (without chemotherapy, due to the patient’s refusal)
followed by wide local excision was advised. If positive margins were observed, he would have been given a RT boost of
16-20 Gy in 8 to 10 fractions to the surgical bed.

Using the proposed new regimen for the preoperative RT, 50 Gy of VMAT in 2.0 Gy per fraction was planned for the
PTV with 2.0 cm margin from the GTV in radial direction and 3.5 c¢cm in superior/inferior direction, subtracting the
nerves and the bones. Out of the 25 fractions of EBRT, 4 fractions were replaced by LRT. Using the methods previously

described,”"®

each LRT session delivered >12 Gy to the vertices within the tumor volume, interdigitated on a weekly
basis. Eighteen vertices of 1.0-1.5 cm in diameters were created within the Lattice Volume ¥ of 1370.0 cc, with an
average separation (center to center) of 4.75 cm.

Four co-planar VMAT arcs were used to develop the LRT plan (Figure 1). Fifteen out of the eighteen vertices were
activated by the optimization process, resulting in a total of 55.7 cc of vertices volume (1.9% of GTV) covered by 12 Gy;
17.5 cc of the vertices volume (0.6% of GTV) covered by 15 Gy; and the maximum dose to the vertices of 18.3 Gy,
per session. The valley to peak dose ratio (VPDR)’® of the ¥, was 0.20.

The VMAT technique was also used for the standard EBRT, consisting of 4 arcs, covering the PTV with 42Gy in 2 Gy

per fraction.
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Figure | LRT plan. Upper left: dose distribution in an axial plane. Upper right: peak-valley dose profiles defined by the red line across the two dose vertices. Lower left: dose
distribution in a coronal plane. Lower right: peak-valley dose profiles defined by the red line across the two dose vertices. The dose profiles contain individual arcs (lower 4

curves) and combined-arcs (upper curve).

The patient received the whole course of radiation treatment over 36 days in 2020 with daily CBCT (cone-beam CT)

guidance. The LRT|EBRT delivering sequence is presented in Figure 2.
The patient tolerated the LRT|EBRT well, and underwent surgical excision 66 days after the completion of the

neoadjuvant LRT |[EBRT.

Results
Based on the CBCT assessment, the tumor growth was controlled three weeks after the initiation of RT (Figure 3). As the

tumor size in longitudinal direction exceeded the maximum field of view of the CBCT, only the sizes in radial direction

were recorded.

RT Mode Treatment Fractions

EBRT (VMAT) 213|4|5 7,8(9/10 12|13|14|15 17(18|19|20(21|22|23|24|25

LRT (VMAT) | 1 6 11 16

Figure 2 LRT |EBRT delivery sequence.
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Figure 3 Tumor size changes over the course of induction RT. X: maximal lateral dimension; Y: maximal vertical dimension.

The final pathology report revealed negative surgical margins and showed a pathologic necrosis rate of over 95%. As
the representative H&E histomicrographs, Figure 4A (200X) shows tumor ghost cells (devoid of nuclei with area
demonstrating infiltrating lymphocytes); Figure 4B (100X) shows extensive fibrosis and tumor cells undergoing
apoptosis with occasional infiltrating lymphocytes. No obvious viable tumor cells are seen in these two H&E slides.
No post-operative RT was indicated, based on the NCCN guidelines.'

The patient experienced post-operative complication of wound dehiscence with abscess, and received outpatient care
and aggressive wound management including negative pressure therapy in conjunction with Ciprofloxacin to treat the
open wound (Figure 5), which had considerable drainage but improved over time and ultimately contracted and closed
after two months without further operative management, flap coverage or a split thickness skin graft. Despite the size of
this tumor, the toxicity did not reach the level of major wound complication, defined in the randomized trial of the
National Cancer Institute of Canada (NCIC)'>!"-!®
wound repair, or wound management without secondary operation, including an invasive procedure without general or

as a secondary operation under general or regional anesthesia for

regional anesthesia (mainly aspiration of seroma), readmission for wound care such as intravenous antibiotics, or
persistent deep packing for 120 days or longer.

Figure 4 H&E Histomicrographs. (A) (200X) shows tumor ghost cells (devoid of nuclei with area demonstrating infiltrating lymphocytes). (B) (100X) shows extensive
fibrosis and tumor cells undergoing apoptosis with occasional infiltrating lymphocytes. No obvious viable tumor cells are seen in both H&E slides.
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Figure 5 Tumor bed two weeks post surgery.

The patient was found to have developed a large metastasis in the right lung three months after the surgery and was
treated with palliative radiation therapy. The patient subsequently succumbed to progression of the disease 5 months after
the surgery. No local recurrence was observed.

Discussion

Due to the spurious and generally poor response of STS to conventional chemotherapy and radiation therapy, for patients
who fail surgery with neoadjuvant therapy, the options of further treatment are limited and are mostly palliative or
involving amputation for local control.'*' Reevaluating current strategies of neoadjuvant therapy and exploring new
approaches to further reduce local recurrence and distant metastasis is therefore of paramount value.®’

Following the evidence of direct correlation between high rate of neoadjuvant treatment-induced necrosis and FFDM
(freedom from distant metastasis), in a single institution study, a single session of SFRT in the form of 2D GRID was
used as a boost to the conventional EBRT.**> With the moderately improved necrosis rate, a 34.6% of major wound
complication (per NCIC definition) was reported. To further increase the rate of pathologic necrosis, we proposed to
increase the number of SFRT sessions using high-dose LATTICE RT (LRT), interdigitated with the standard EBRT
(LRT|EBRT). With the physical advantages of LRT, no additional toxicities are anticipated.

The case presented herein demonstrated the procedural logistics, feasibility and the safety of the proposed regimen.
For the tumor of this size (2933 cc, 28 cm in maximal dimension), with LRT[EBRT alone as neo-adjuvant therapy, the
result of negative surgical margin and over 95% of necrosis is an encouraging positive indication of justification.

Due to the advance of the local disease reflected by its size, the observed post-surgical complication required
aggressive management, but it did not reach the level of major wound complication, and the fact that the high percentage
of necrosis in this case did not prevent the distant metastasis could also be easily understood. The progression of the
disease that resulted in 5 months of post-surgical survival did not allow for observation of longer term of tumor control
and toxicities, although the disease was controlled locally until patient’s death.

A Phase-I/II clinical trial is underway, in which, we further propose to reduce the CTV margin to 0.5 cm, leaving the
task of eradicating microscopic disease to chemotherapy and/or the anticipated bystander/abscopal effects mediated by
the high-dose LRT. Since LRT | EBRT will be delivered by the conventional schedule (daily fractionation), harvesting RT-
induced antitumor immunity within the main tumor volume is unlikely. However, with reduced daily dose outside of the
gross tumor volume, the therapeutic effect on microscopic extension through bystander/abscopal mechanism would be
logically probable. With a smaller CTV margin, the radiation-related toxicity such as dermatitis and wound complications
in general could be further reduced.

Novel treatment techniques to further improve clinical outcomes of STS have been limited. SFRT has gained attention

with increasing intensity in the recent years, due to its potential unconventional effects,”® *-87-88

and might contribute to
the advances on the long road of our endeavor to battle STS. In particular, since the benefits of adding chemotherapy to

neo-adjuvant treatment has not been demonstrated consistently, the proposed LRT |EBRT alone as induction therapy may
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present a valuable alternative in achieving the similar objectives, ie, increasing pathologic necrosis rate and subsequently
reducing local recurrence and distant metastasis. If proven effective, this technique could merge with the broader front of
the management of STS including marginally resectable and unresectable, in which novel approaches of combining
various fractionation RT schemes with other treatment modalities including hyperthermia and chemotherapy have been

actively proposed and investigated.”*"’
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