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1. Abstract
1.1. Introduction: Large and bulky disease cannot be effective-
ly treated with conventional radiotherapy approach. Megavolt-
age linear accelerators with multileaf collimators (MLC) allow to 
adapt the dose to the target volume, although leaving unmet the 
needs of safe and effectiveness while treating large tumor masses. 

1.2. Methods: Neoadjuvant Lattice radiotherapy Bulky soft tissue 
sarcoma

A possible solution for large and bulky tumor masses treatment 
is the delivery of spatially distributed very high radiation doses 
within the tumor volume. 

We present a series of 5 cases of bulky sarcoma treated with Lat-
tice Radiotherapy technique in neoadjuvant settings for achieve-
ment free resectional margins. In Israel we used the technique for 
the first time.

2. Introduction
Radiotherapy is used for better local control by sterilizing tumor 
viable and stem cells. Large tumor volumes contain increased 
clonogenic cell numbers [1, 2] Different tumor volumes demand 
different doses, the concept postulates adaptive radiotherapy [3]. 
Therefore, large and bulky disease cannot be effectively treated 
with conventional radiotherapy approach. Doses required for tu-
mor local control, may cause unacceptable skin toxicity or vice 
versa: skin sparing doses are inadequate for sterilizing tumor vol-
umes. For example, there is a well-known correlation between vol-
ume and local recurrence in head and neck tumors [4]. One of the 
possible solutions for large and bulky tumor masses treatment is 

the delivery of spatially distributed very high radiation doses with-
in the tumor volume. The rest of tumor volume is covered or not 
by lesser radiation doses depending on the clinical situation – the 
concept known as spatially fractionation radiotherapy technique 
(SFRT). In the orthovoltage machine era, SFRT was applied using 
physical grid collimators allowing  the delivery of higher  doses 
through the open areas of the grid while sparing skin and beneath 
lying tissue under the grid wires [5]. The spared, or unirradiated 
with high dose areas helped rapid regenerating processes and re-
ducing toxicity. SFRT is currently delivered by the use of several 
techniques and devices applied accordingly to the clinical situation 
and setting [6,7,8]. Megavoltage linear accelerators equipped with 
multileaf collimators (MLC) allow delivering MLC-based GRID 
or MLC-based LATTICE (LRT) with sharp dose gradients giving 
the opportunity to adapt the dose to the target volume and shape. 
In a neoadjuvant approach, the SFRT followed by a conventional 
radiotherapy regimen was applied for the treatment of soft tissue 
and osteosarcomas showing high pathological tumor response rate 
in large tumor cases.(9) For instance, LRT delivered in a single 
fraction of 10-20 Gy followed by a conventional radiotherapy dose 
(45-50.4 Gy, 1.8-2.25 Gy/fx) was used for the treatment of radiore-
sistant bulky sarcoma masses like liposarcoma, leiomyosarcoma, 
chondrosarcoma, pleomorphic sarcoma in a neoadjuvant setting 
with a 39% complete pathological response [6, 10].

The aim of this manuscript is to present the results of our short 
series of patients treated with the LRT technique in a neoadjuvant 
setting for soft tissue sarcomas.
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3. Materials and Methods
In the series are the presented cases have histologically proven soft 
tissue sarcomas. MRI-based radiological examination revealed tu-
mor mass of at least 10 cm in the largest dimension [7]. Systemic 
evaluation didn’t show metastatic dissemination of the disease. All 
patients have been discussed in a multidisciplinary tumor board 
and referred to a radiation therapy unit for neoadjuvant radiother-
apy. The following two-step radiation therapy regimen was used: 
LRT was applied as a first step on day zero and from day one con-
ventional radiotherapy was administrated as a second step. For the 
LRT step several high dose regions or nuclei (HDNs) within the 
tumor mass were planned, their number and location conditioned 
by the given clinical situation. Each of the HDNs were designed to 
receive 20 Gy in one treating fraction. The treatment delivery was 
the same standard approach used for stereotactic radiotherapy that 
includes vacuum cradle immobilization, treatment planning strat-
egy and IGRT. For step two, an additional 50 Gy in 25 fractions 
were delivered in 5 weeks with 5 days-a-week treating sessions. 
Treatment was delivered by Elekta Versa HD linear accelerator us-
ing a volumetric modulated arch therapy (VMAT) technique with 
a 6MV FFF beam. Physical aspects of the technique were fully 
disclosed [8].

All patients were studied on US and MRI a month after comple-

tion of the whole course of radiotherapy, LRT and conventional. 
Following assessment of the results with a senior radiologist and 
further surgery planning, patients underwent surgery. In the period 
after RT and before surgery, both the radiation oncologist and the 
surgeon continued patient follow-up, registering toxicity and ad-
verse events. Toxicity evaluation was based on CTCAE v4, Clas-
sificatory [11].

4. Case Description
4.1. Case 1

A 24-year-old female, healthy otherwise, 4 months after her first 
delivery, no personal or family history of malignancy, was admit-
ted to the outpatient orthopedic department due to an increasing 
painful lump on her right thigh. Physical examination revealed a 
hard consistency deep seated round mass with a size of 10*5*6 
cm on the lower third of the right thigh highly suspicious for soft 
tissue sarcoma. One of the tumor mass boundaries was long 4 cm 
long adherent to the sciatic nerve (Figure 1). Biopsy and histolog-
ical examination showed alveolar soft part sarcoma; tumor cells 
were positive for TFE3. Further work-up did not reveal secondary 
tumor dissemination. The onco-orthopedic surgeon expert con-
cluded that above knee amputation is a very high possible surgical 
option in this case. The case was discussed in the multidisciplinary 
tumor board and referred the patient to neoadjuvant LRT.

Case 1: Round mass with size of 10*5*6 cm3 on the lower third of the right thigh. LRT delivered with 8 vertices
A. Tumor mass in the MRI sagittal view
B. Radiation treatment plan showing high dose Vertices ("Peaks") placed within the gross tumor volume (GTV). GTV – green line; "The Valley" 50 Gy 
PTV – red line; 20 Gy Vertices ("the Peak") – dark red solid; 15 Gy isodose – solid light blue; 10 Gy isodose – solid dark blue

LRT was applied using 8 HDNs within the tumor mass and along 
the sciatic nerve and vessels. The treatment was delivered without 
discontinuation. The patient the skin toxicity was ‘Faint erythema 
or dry desquamation’, Grade 1, as defined by CTCEA v4. In the 
postoperative period wound healing was compromised by wound 
infection and plastic surgery intervention was needed with eventu-

al full recovering and preservation of extremity functionality. Top-
ic treatment was applied. Signs of radiation dermatitis resolved 10 
days after end of treatment. One month after completion of radio-
therapy the patient underwent the planned orthopedic surgery. The 
postoperative period was complicated by slow wound healing that 
demanded additional surgical interventions. 
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The pathology report showed about 20% of tumor necrosis. At 
least a 3 mm free surgical margin at the sciatic nerve region and 
more than 10 mm free surgical margins elsewhere where observed.

After 10 months of follow-up the patient remains with no evidence 
of disease. The ECOG performance status is 1.  The patient is un-
der orthopedic follow-up.

4.2. Case 2

A 66-year-old male, suffering from essential hypertension and di-
abetes mellitus type 2 well compensated. During the last 6 months 
before visiting his general practitioner doctor, the patient felt an 
unusual sensation in the distal part of his left thigh. Later on, the 
palpable mass started to grow along with increasing painfulness of 
the region. The patient was referred to an US study that revealed a 
solid lesion behind the distal epiphysis of the left femur. A further 
MRI study confirmed the presence of a solid lesion 15*8*7 cm in 
size, involving the distal part of the femur, entrapping sciatic nerve 
and femoral vessels. Biopsy and histologic examination reported a 
high grade pleomorphic rhabdomyosarcoma. Further work-up did 
not reveal secondary tumor dissemination. The patient was initial-
ly treated with 4 courses of Adriamycin- based chemotherapy. The 
tumor response was minimal, the largest tumor size decreased by 
only 4 cm. The patient was referred to an onco-orthopedic surgeon 

whose conclusion was to perform a large surgical intervention 
which didn’t exclude an option of above knee amputation. The 
case was discussed in a multidisciplinary tumor board and the pa-
tient was referred to neoadjuvant LRT (Figure 2).

LRT was applied using 7 HDNs within the tumor mass and along 
the sciatic nerve and vessels. The treatment was delivered with-
out discontinuation. The patient suffered from Grade 1 radiation 
dermatitis and some feeling of stiffness of left hip muscles. Topic 
treatment was applied for a short period (about one week). One 
month after completion of radiotherapy the patient underwent the 
planned osteotomy with distal femur resection. The postoperative 
period was uncomplicated with satisfying wound healing. 

The pathology report revealed complete pathological response.

At the last visit after 6 months of follow-up the patient showed 
no in-field recurrence. The ECOG performance status is 1 with 
slight limping. The patient was under close orthopedic follow-up 
for 2 months when on MRI an additional tumoral mass was deter-
mined in the upper third of the ipsilateral tibia. Biopsy revealed 
high grade soft tissue sarcoma. After discussing treatment options, 
the patient chose above knee amputation. Currently, the patient is 
free of local and distant recurrences.

Case 2: Bulky sarcoma with size 15*8*7 cm3 on the lower third of the left thigh. LRT delivered with 7 HDNs
A. Tumor mass in the MRI sagittal view
B. Radiation treatment plan showing dose Vertices ("Peaks") placed within the gross tumor volume (GTV). GTV – green line; "The Valley" 50 Gy PTV 
– red line; 20 Gy Vertices ("the Peak") – dark red solid; 15 Gy isodose – solid light blue; 10 Gy isodose – solid dark blue

4.3. Case 3

A 42-year-old male, with gout, personal history of renal cell carci-
noma treated with partial nephrectomy about 5 years before current 
admission. During follow-up examination, the patient complained 
on a painful mass in the upper third of the right thigh which pre-
cluded him to drive a car. The patient was referred to a MRI study 
confirming the presence of a solid lesion of 10*6*4 cm in size, 

closely adhering the sciatic nerve and femoral vessels. Biopsy and 
histologic examination reported a myxoid liposarcoma with 10% 
of atypical cells. Further work-up didn’t reveal secondary tumor 
dissemination. The patient was referred to the onco-orthopedic 
surgeon for consultation who was concerned about clean resec-
tional margins near the sciatic nerve. After wide staff discussions, 
it was decided to refer the patient to neoadjuvant LRT (Figure 3).
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LRT was applied using 5 HDNs within the tumor mass and along 
the sciatic nerve and vessels. The treatment was delivered without 
any discontinuation. The patient had sings of radiation dermatitis 
(Grade 2) and it is defined as ‘Moderate to brisk erythema; patchy 
moist desquamation, mostly confined to skin folds and creases; 
moderate edema’. The signs were observed after RT completion, 

after one week of topical treatment there were completely resolved 
long before surgery.

The pathology report revealed complete pathological response.

Patient is being followed up for 3 months after the surgery. ECOG 
performance status was 0. The further orthopedic follow-up is con-
tinuing.

Case 3: Tumor mass with size 10*6*4 cm3 on the upper third of the right thigh. LRT delivered with 5 HDNs
A. Tumor mass in the MRI sagittal view
B. Radiation treatment plan showing high dose Vertices ("Peaks") placed within the gross tumor volume (GTV). GTV – green line; "The Valley" 50 Gy 
PTV – red line; 20 Gy Vertices ("the Peak") – dark red solid; 15 Gy isodose – solid light blue; 10 Gy isodose – solid dark blue.

4.4. Case 4

A 46-year-old male, healthy otherwise, was referred to the ortho-
pedic department due to increasing painful lump in the mid third 
of left forearm. The patient complained on sleep disturbances be-
cause of pain. Physical examination revealed a hard consistency 
elongated lesion of size 13 cm long and about 5 cm in diameter in 
the mid part of the radial aspect of left forearm. On MRI the lesion 
entrapped the superficial branch of the radial nerve, close to the ra-
dial bone. Biopsy and histological examination showed low grade 
myxofibrosarcoma, tumor cells being negative for actin, desmin, 
SOX10, CD34. As further work-up did not reveal secondary tumor 
dissemination, patient was referred to neoadjuvant LRT.

LRT was applied using 3 HDNs within the tumor mass and along 
the radial nerve branch and radial bone. The left forearm lesion 
that prevented the patient from normal night sleep turned into a 
painless mass after first week of RT, but, more correctly speak-
ing, in two days following LRT delivery the pain was mostly gone 
and completely disappeared passing the first week. During the last 
week of treatment and for the coming 3 weeks the dermatitis ra-
diation signs reached a Grade 2 level and resolved fully 2 weeks 
before the planned surgery without needing to postponed it.

The pathology report showed about focal tumor necrosis. Along 
12.5 cm of the lesion boundary a free surgical margin of at least 
2mm was observed. The superficial branch of the radial nerve was 
resected. No functional defect was registered during follow up 

time (for 7 months passed after surgery). 

4.5. Case 5

A 81-year-old male, suffering from diabetes mellitus  type 2, es-
sential hypertension, was referred to the orthopedic department 
due to an increasing painful mass in the upper third of the right 
thigh which precluded him to sit, lie down, or drive a car. Physical 
examination revealed a hard consistency elongated lesion with of 
size  17*10*6 cm in the upper mid third of the posterior region 
of the thigh. On MRI the lesion showed closely adhered femoral 
vessels. Biopsy and histological examination showed high grade 
fibromyxosarcoma. As further work-up of the patient did not re-
veal secondary tumor dissemination, the multidisciplinary team 
decision was a neoadjuvant LRT.

LRT was applied using 15 HDNs within the tumor mass near the 
tumor boundaries and along the large femoral vessels. Radiother-
apy was delivered without interruption due to skin toxicity within 
the irradiated area. In 2 weeks after completion of the RT course 
skin toxicity signs defined as ‘Moist desquamation in areas other 
than skin folds and creases; bleeding induced by minor trauma or 
abrasion’, or Grade 3 toxicity. The dermatitis was resolved at least 
a week before the surgery. At the surgery time there were no skin 
toxicity signs.

The pathology report showed hyalinosis, fibrosis, vascularization 
and an area of tumor necrosis within high grade fibromyxosarco-
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ma. At least a 5 mm free surgical margin along 16 cm of the le-
sion boundary was resected. No functional defect was registered 
on follow up visiting. Six months after surgery, the patient was 
referred to emergency room due to wound dehiscence that treated 
surgically.

5. Results
All MRI reports showed tumor downsizing and changing in the 
lesion density but not isotropically, mainly shortening in longest 
dimension with more overt and dense pseudo capsule around it. In 
all cases a mosaic heterogeneity within the tumor mass was seen 
but assertively state that there were high dose regions would be too 
brave. The pathology reports were performed deliberately assum-
ing that necrosis areas were those where LRT was delivered, but 
without placing some sort of fiducial markers which may alleviate 
the search for LRT regions during pathological examination it is 
hard to clarify the real effect on the tumor of the delivered high 
doses. The absolute downsizing was significant in all but one case. 
The forearm lesion case showed a minimal shortening with simul-
taneously increase in pseudo capsular density. The surgeons stated 
that the main characteristics of the RT effect was clear demarcation 
of the tumor mass which allowed more assured resection within 
obviously healthy tissues.

6. Discussion
For the past 3 decades, the LRT therapy was used mainly to 
achieve good palliative results in cases of large or previously irra-
diated areas with high rate response, including 27% rate of com-
plete response [12-14]. Applying this technique to treat bulky tum-
ors in neoadjuvant settings has yielded 86% complete pathologic 
response [15]. Definitive chemoradiation using LRT techniques 
treating head-and-neck cancer has brought 79% of tumor control 
rate while there was no case of Grade 4 toxicity [16]. 

Nowadays techniques allow delivering large radiation doses to 
small volumes with very sharp dose gradients in extremely hy-
pofractionated schemes, known as stereotactic body radiotherapy 
technique (SBRT). Another wide spread RT practice is brachyther-
apy which exploits the same concept [17]. LRT may be described 
as a synthesis of these two methods [9]. The advantage of LRT is 
the combination of well tolerable conventional RT doses and mi-
cro-volumes of very high doses within the tumor volume. 

The emerged efficiency of spatially fractionated high dose volumes 
in term of elimination of tumor cells finds its explanation in the 
modulation of host immune response to irradiated tumor volume 
[18]. The spatially delivered high doses, present a new pathway of 
influence on tumor environment eliminating its mitigating or even 
protective properties against the host immune response [19]. LRT 
may involve or enhance the host immune response in case of radi-
oresistant tumors [17]. The combination of immune active agents 
with radiotherapy is a field of intensive studies [20].

Given the available published data, our initial goal of the LRT 

application was to facilitate obtaining free resectional margins. 
This radiation treatment technique was never used in our coun-
try and we have got the Ethical committee permission from the 
Israeli Ministry of Health. All five cases were treated within an 
on-going prospective trial. Only in two cases (Cases 2 and 3) there 
was complete response to treatment delivered. In the rest of cases 
(Cases 1, 4, and 5) there was only downsizing with different extent 
of necrosis within the irradiated volumes. In one case of complete 
pathological response, the patient presented as Case 2 underwent 
initial chemotherapy treatment, but the second case (Case 3) was 
naïve to chemotherapy. The importance of induction courses of 
chemotherapy prior to LRT was reported but its place in the large 
soft tissue sarcomas has yet to be established [9]. 

During the last four decades several approaches were proposed 
for the classification of surgical margins. Well known from 1980 
is the classification of Enneking et al. based on the relationship of 
the surgical margin to the pseudocapsule and tumor itself and com-
prising 4 types of margins, which were good theoretically defined 
with poor reproducibility in practice [21,22]. The introduction 
in common use of the R classification helped to unify and easily 
understand the evaluation of resected material. Further evolving 
the R classification gained in UICC classification providing three 
types of resection outcomes. Grossly positive margins are clas-
sified as R2- margins. If there is 1 mm or more of healthy tissue 
between tumor and the inked resection margin, it is defined as R0. 
Margins are considered to be R1 microscopically positive, if tumor 
is present within 1 mm from the inked border. The classification is 
widely utilized for pathological assessment of resected specimens 
[23]. There is still no consensus about the best way of soft tissue 
sarcoma resection margins evaluation in terms of accurate predic-
tion of local recurrence [24, 25], Gundle et al. reported an analysis 
of margins status accordingly to “R” and “R+1 mm” classification 
and showed that R1 positive resection margin may be adequate 
only in cases of multimodality treatment. From his work 1 mm 
of normal tissue should be enough for good local control for a 
5-year time frame. The situation where a tumor may be resected 
with high probability of involved, although microscopically, re-
section margins resembled our patients’ situation in the presented 
series. For all the 5 cases, margins of 3-5-10 mm from the tumor 
mass to resection is a good result for those who otherwise doomed 
to positive margins near critical structures [25].

This very short follow-up period does not enable us to discuss the 
impact of the proposed radiotherapy technique on local and/or dis-
tant relapse. The data we provide may prove a good functionality 
of the extremities after surgical excision with adequate free mar-
gins. The late wound dehiscence in 6 months after surgery is not 
clear, but may be related to the delivered radiation dose.

Regarding the longest follow-up after the young woman described 
as Case 1, we may say that there were no registered signs of recur-
rent disease and she decided to enter her second pregnancy.
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7. Conclusion
We presented five cases showing that practical application of LRT 
can be efficiently used for neoadjuvant treatment of large volume 
tumor masses. The treatment improves surgical outcomes and pre-
serves extremities functionality.
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