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Abstract

AIM: To present a systematic review of techniques and
clinical results.

METHODS: A systematic review of published literature
was performed. Only studies reporting patient outcome
after radiosurgery (single fraction) delivered with
robotic devices [/.e., robotic radiosurgery (RRS)] have
been analyzed.

RESULTS: A total of 96 patients from 5 studies were
included. The studies are characterized by small
series and different methods in terms of dose, target
definition, combination with chemotherapy and/or
standard fractionated radiotherapy and evaluation
modalities. Preliminary results are positive in terms
of tumor response (ORR = 56%) and local control of
the tumor (crude rate of local progressions: 19.5%).
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Results for median overall survival (11.4 mo) seem
comparable with the ones of prolonged chemoradiation
(range: 8.6-13.0 mo). However, gastrointestinal toxicity
seems to be the main limitation of RRS, especially at
the duodenal level.

CONCLUSION: RRS allows for local treatment in a
shortened time (1 fraction) compared to traditional
treatments (about 1 mo), providing the possibility for
an easy integration with systemic therapies. Preliminary
results did not show any outcome differences compared
to standard chemoradiation. Thus, further efforts to
reduce gastrointestinal toxicity are strongly needed.

Key words: Robotic; Radiosurgery; Pancreatic neoplasms;
Systematic review; Review; Stereotactic radiotherapy;
Pancreas

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Robotic radiosurgery, a type of stereotactic
body radiotherapy, has been applied in a few experi-
ences as an alternative to long course, conventional
radiotherapy. As described in this systematic review,
results suggest a good profile of efficacy. Its use in
further trials appears justified to treat pancreatic
lesions. Particular attention is needed to manage acute
and late toxicity. Its potential is highly interesting for
the opportunity of integration with chemotherapy and

surgery.

patients™. The main limitation of RT is the presence

of radiosensitive organs in the upper abdomen in
close proximity with the pancreas. In fact, due to
these anatomic relationships, RT can produce severe
side effects especially at the level of the duodenum.
Therefore, a strong interest has arisen in the use of RT
techniques gaining a higher level of precision with the
aim of administering effective doses to the target while
reducing the irradiation of surrounding healthy organs.

One of the most promising newer techniques
is robotic radiosurgery (RRS). This is a particular
technique of stereotactic body radiotherapy (SBRT).
Based on American Society of Radiation Oncology
definition, SBRT is an external beam technique able
to deliver high radiation dose to an extra-cranial body
target with high precision in a single or few fractions'®.
RRS is based on the delivery of a single large fraction
of radiation using a robotic linear accelerator. The
reduced volume of irradiated normal tissue achieved by
improving the treatment precision allows the delivery
of a single fraction of radiation (with RRS), which
can potentially ablate all tissue in the treated area.
However, in literature there is currently only limited
evidence on SBRT, represented by preliminary studies
generally performed on small patient populations”*®.
Evidence on RRS is even more limited!”?!), Therefore,
the purpose of this analysis is to present a systematic
review of the techniques and clinical results of RRS in
pancreatic cancer.

Buwenge M, Cellini F, Silvestris N, Cilla S, Deodato F, Macchia
G, Mattiucci GC, Valentini V, Morganti AG. Robotic radiosurgery
in pancreatic cancer: A systematic review. World J Gastroenterol
2015; 21(31): 9420-9429 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i31/9420.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i131.9420

INTRODUCTION

The prognosis of pancreatic cancer is dismal. Even
in patients with non-metastatic disease at diagnosis,
recurrences after primary therapy are very common
both as local relapse/progression and as distant
metastases. Local recurrence rates even for patients
who have undergone surgery reach percentages of
70%-80%""?. In addition, local disease progression
can produce severe symptoms (pain, biliary and/
or intestinal obstruction, malnutrition) significantly
worsening the quality of life of patients.

Traditionally, radiotherapy (RT) has been used
to obtain a local control of the disease. RT, usually
associated with concurrent and adjuvant chemotherapy,
is potentially useful to improve the resection rate’,
control symptoms in locally advanced carcinomast”
and to reduce the risk of recurrence in resected
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MATERIALS AND METHODS

Inclusion criteria

Type of studies: In this review were included all
studies (case studies or clinical trials) reporting
outcome and toxicity of patients treated with RSS.

Type of participants: Only studies enrolling patients
suffering from unresectable and/or locally advanced
adenocarcinoma of the pancreas were included in this
analysis.

Type of interventions: (1) radiotherapy - eligible
interventions were single fractionated radiation therapy
performed with a robotic machine; (2) chemotherapy
- all systematic treatments based on chemotherapy,
regardless of the type of antineoplastic agent and
the use of single or combination chemotherapy were
eligible; and (3) supportive care - studies were included
in the analysis regardless of the type of supportive
therapy or other palliative treatments, including blood
transfusions, analgesic treatments, bypass palliative
interventions or stents placement.

Type of outcome measures: Primary endpoint of the
analysis was overall survival after RRS and secondary
endpoints were: clinical response, local control, and
treatment-related toxicity.
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Records identified through database

Additional records identified through

(n =34)

searching other sources
(n = 25) (n = 10)
Records after duplicates removed
(n=234)
Records screened
—

Records excluded
(n=23)

Full-text articles assessed
for eligibility
(n=11)

Full-text articles excluded,
due to fractionated

treatment
(n=96)

Studies included in
qualitative synthesis
(n =5)

Figure 1 Process of paper selection. Evaluated studies (35); Excluded studies (30); Included studies (5). 'Studies excluded because they did not individuate all the

inclusion criteria after collegial evaluation of the full-text manuscript.

Literature search strategy

A bibliographic research was performed based
on the PRISMA methodology'*? using PubMed. In
the database, a search was carried out using the
Medical Subject Heading (MeSH) database; the
search algorithm was “Radiotherapy” [MeSH] AND
“Pancreatic” [MeSH] AND (“robotic” OR “cyberknife”).
The research in Pubmed was complemented by an
additional screening of the references of publication
identified through the database. The search was not
limited to a particular time interval. It was restricted to
English-language peer-reviewed journal publications.
The found papers were independently selected and
evaluated by two different authors (Buwenge M and
Cellini F). Any discrepancies in the selection of papers
and data collection were managed by the senior author
(AGM). Potentially eligible studies were retrieved and
a full-text evaluation was performed as to whether it
satisfied both the inclusion and exclusion criteria. Only
clinical studies on RRS delivered with robotic devices
in patients with pancreatic carcinoma were included
in the review process. Studies including patients with
metastatic disease were not excluded.

RESULTS

Search results

Through the literature search, performed as previo-
usly described, 35 papers were identified. Figure 1
describes the process of paper selection. Five studies
fulfilled the inclusion criteria and were included in this
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review.

Literature review

Koong et al''’! designed a phase I trial for patients
with locally advanced carcinoma of the pancreas. The
purpose of the study was to define the maximum
tolerated dose of RRS. The authors enrolled 15 patients
at three subsequent dose levels: 15 Gy, 20 Gy, and
25 Gy. Clinical response was evaluated using high
resolution CT and acute toxicity was scored with the
RTOG scale. Local tumor control was recorded in all 6
patients who received 25 Gy without cases of grade >
3 gastrointestinal toxicity. Given the result in terms of
tumor response, the trial was stopped even if no cases
of dose-limiting toxicity were recorded. Based on these
results, the authors concluded that the recommended
dose for the RRS is 25 Gy.

Koong et al'*® enrolled 19 patients with locally
advanced pancreatic cancer in a subsequent trial.
Treatment was based on IMRT (45 Gy with concurrent
5-fluorouracil) followed by RRS boost (25 Gy). Sixteen
of 19 patients completed the treatment and only one
of these developed local progression of the disease
while 2 patients showed grade 3 toxicity. Considering a
median survival of only 33 wk, the authors concluded
that this treatment regimen although feasible, seems
not able to improve survival.

Seo et al®™ performed a retrospective analysis
of 30 patients with similar stage of disease. These
patients underwent conformal radiotherapy (40
Gy) followed by RRS boost (14-17 Gy). Twenty-one
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Table 1 Study and treatment characteristics

Ref. Study Inclusion Simulation PTV Image guidance Dose Radiotherapy dose, % of patients
design criteria prescription median (range) receiving
chemotherapy
Koong Phase I LA; Pancreatic protocol NR Fiducials tracking ~ To isodose 20 Gy SF RRS 6.6 before RRS
et al™ 2004 <75cm' CT surrounding
PTV
Koong et al",  Phase I LA Pancreatic protocol NR Mid-breath- Toisodose  45Gyin1.8 Gy/fr 100.0 concurrent to
2005 CT hold or fiducials ~ surrounding (IMRT) +; 25 Gy SF IMRT: 5-FU or CAP
tracking PTV RRS boost
Schellenberg Case LA End-expiration ~ PTV:GTV + Fiducials tracking  To isodose 25 Gy 100.0
et al", 2008 serie biphasic CT + 2-3 mm surrounding SF RRS 1 cycle GEM pre-
respiratory gated PTV RRS; 0-8 cycles
CT + PET-CT GEM post-RRS
Seo et al™, Phase 1 LA; CT + PET- PTV:GTV + Fiducials tracking  To isodose 40Gyin2Gy/fr  70.0 (6 before RT;
2009 no duodenal  CT (restricted 2 mm, or 4 covering 97% (3D-CRT) +16.5Gy 15 concurrent to
invasion; respiratory mm cranio- of PTV (14-17) SF RRS boost 3D-CRT)
<3N+ motion) caudally
Goyal et al®™, Case LA CT + MRI + PET- NR Fiducial tracking To 70% isodose 14 pts: 25 (20-25) 68% before RRS
2012 serie CT SFRRS5pts: 3 (various schedules)

fractions (24-30)

'Two patients received previous radiotherapy. 3D-CRT: 3D-conformal radiation therapy; 5-FU: 5-fluorouracil; GEM: Gemcitabine; GTV: Gross tumor
volume; IMRT: Intensity modulated radiation therapy; LA: Locally advanced; NR: Not reported; PTV: Planning target volume; RRS: Robotic radiosurgery;

SF: Single fraction.

patients had received chemotherapy. One-year local
progression-free survival (LPFS) was 70.2% and 1-year
overall survival (OS) was 60.0%. Given an incidence
of grade 4 toxicity of only 3%, the authors concluded
that this regimen is feasible and deserves further
evaluation in prospective studies.

Goyal et a*"! reported their experience with RRS in
patients with unresectable pancreatic cancer. Twenty
patients received a RRS dose of 22-30 Gy (median
25 Gy). Chemotherapy was administered in 68% of
patients. One-year LPFS was 65% and 1-year OS was
56%. The incidence of grade 3 and grade 4 toxicity
was 16% and 0%, respectively. The authors concluded
that RRS treatment is tolerable and allows satisfactory
local control of the disease.

The details on definition of “locally advanced
inoperable lesions” criteria were not specified for all
the above previously mentioned reports.

Schellenberg et al** designed a prospective trial
to test a combined modality treatment including RRS.
Sixteen patients with locally advanced disease (defined
as "> 50% involvement of the superior mesenteric
vein/superior mesenteric artery or any involvement
of the celiac axis”) received 1-9 cycles (median: 4) of
gemcitabine-based chemotherapy. Patients underwent
RRS (25 Gy) between the 1st and 2nd chemotherapy
cycles. Local progression of the disease was observed
in 19% of patients and 1-year OS was 50% (median:
11.4 mo). The incidence of grade 3 acute toxicity was
only 6%. However, 7 patients showed late toxicity:
5 ulcers, 1 duodenal stenosis, and 1 duodenal
perforation. In this group of 7 patients there was
a trend toward a greater irradiated volume of the
duodenum. The authors concluded that using this
regimen, the clinical outcome is similar to standard

concurrent chemoradiation but with an alarming
incidence of intestinal toxicity.

Analysis of the selected studies

Methods: Table 1 shows study and treatment
characteristics of the analyzed series. Of the 5 studies
included in this analysis, 2 were phase [ trials, 2 were
case series and 1 was a phase I trial. The number
of patients enrolled was 15-30 (median: 19). In a
study in which RRS was used as a boost, only 16/19
patients (84.2%) received the RRS treatment'®.
In another study, 14 patients (73.7%) received
RRS treatment, while another 5 patients received a
fractionated (3 fractions) treatment™'!, All studies
enrolled patients with locally advanced disease. In one
study, patients who had received prior radiotherapy
were explicitly excluded®®, while in another 2 studies
some patients were previously irradiated in the same
site™™”?"), In addition, in one study, patients with
tumor diameter > 7.5 cm were excluded™, while in
another study patients with more than 3 metastatic
lymph nodes or tumor invasion of the duodenum were
excluded™. The definition of the target was based
on a pancreatic protocol CT in 2 studies™”*®, while in
other 3 studies even F-FDG-PET was used**". In
3 studies the margins between tumor and PTV were
not described™”***!1, In the study of Schellenberg a
margin of 2-3 mm between GTV and PTV was used"”,
while in the study of Seo the PTV was defined as GTV
+ 2 mm in radial direction and as GTV + 4 mm in
cranio-caudal direction™. In all studies, an image-
guided technique based on fiducial tracking was
used. The dose was prescribed to different points.
In 3 studies, the dose was prescribed to the isodose
completely surrounding the tumor™**), In 1 study,
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Table 2 Patient and tumor characteristics

Ref. Patients Stage Median GTV size (cm®); mean (range) Site Median follow-up (mo), range
Koong et al”, 2004 15 NR 29 (19-72) H: 66.6%, 5.0
B: 26.6%,
T: 6.6%
Koong et al™, 2005 19' NR 50 (14-92) H: 68%, 5.4
B:32%
Schellenberg et al™, 2008 16 NR PTV: 48 (21-84) H: 87.5%, NR
B: 12.5%
Seo et al”™, 2009 30 T4: 100.0% 41 (21-96) H:56.7% 14.5
N1:30.0% B/T:43.3%
Goyal et al®, 2012 19 M1: 4 pts 57 (10-118) NR 9 (5.8-23.1)

'Sixteen patients received RRS. B: Body of the pancreas; H: Head of the pancreas; NR: Not reported; PTV: Planning target volume; T: Tail of the pancreas.

Table 3 Results

Ref. Tumor response Tumor response Median overall Local control Toxicity Grade 3-4
criteria (%) survival (mo) scale toxicity
Koong et al™, 2004 - NR 11.0 LP: 20%" RTOG 0%
Koong et al, 2005 - NR 7.7; LP: 6.2%" RTOG Acute:
1-yr: 15% Gastroparesis:10.5%’
Schellenberg et al™, 2008 - NR 11.4; LP:19% CTC3.0 Acute: gastric ulcer: 6.2%;
1 yr:50% Late: duodenal stenosis: 6.2%;
Duodenal perforation: 6.2%*
Seo et al™, 2009 RECIST 68 (PR: 68) 14.0; LP: 44% RTOG Acute: duodenal obstruction: 3.3%;
1yr: 60% LPFS (1-yr): 70.2 %; Late: 0%
Goyal et al™, 2012 RECIST 44 14.4% LPFS (1-yr): 65% CTC3.0 Gl ulcer: 16%°
(CR: 13, PR: 31) 1yr:56% LPFS (median): 11.4 mo

"Local progressions: 0% in patients receiving 25 Gy; “In patients receiving RRS; *Unreported rate of late duodenal ulcers; ‘Five duodenal ulcers were

classified G2; *14.8 mo in MO patients; *Asymptomatic pyloric ulcer: 5.7%. CR: Complete response; GI: Gastrointestinal; LP: Local progression; LPFS: Local

progression free survival; NR: Not reported; PR: Partial response.

the dose was prescribed to the isodose that covered
at least 97% of the PTV™Y, while in the last study it
was prescribed to 70% isodose™". In the two studies
in which RRS was used as a boost, the median
prescribed dose to the target was 25 Gy in 1 study™®
and 16.5 Gy in the other study™. In the studies
based on RRS alone, the median prescribed dose to
the target was 20 Gy in one study™” and 25 Gy in 2
other studies™™®?!1, All patients received chemotherapy
in 2 studies*®*!, while in the other 3 studies the
percentage of patients treated with chemotherapy
was variable (6.6%-70.0%)""??1, In the 2 studies
reporting tumor response, the RECIST criteria were
used™®?!, Toxicity evaluation was performed using the
RTOG scale in 3 studies!”*®** and the CTC scale in
the other 2 studies™®4,

Results: Table 2 reports patient and tumor characteristics
of the selected studies. All studies enrolled patients
with locally advanced cancer. However, in 3 trials
the clinical stage was not reported’™, in 1 study
all patients had cT4 tumor stage™, while in the last
study even metastatic patients (4/19: 21.1%) were
enrolled™, Four studies™’*” reported the GTV size,
which varied between 29.0 and 57.2 cm® (median:
45.5 cm?). In 4 studies, the tumor site in the pancreas
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was reported™”?? with a percentage of tumors in the
head of the pancreas between 56.7% and 87.5%
(median: 67.3%). In 4 papers reporting the median
follow-upt’*82°21 this was between 5 and 14.5 mo
(median: 7.2 mo). Table 3 shows the results of the
selected studies.

Only 2 studies showed the results in terms of
tumor response. In 1 study, a partial response rate of
68% was reported™”, while in another study a partial
response rate of 31% and a complete response rate of
13% (overall response rate: 44%) were reported™,
The crude percentage of local progressions was
reported in 4 studies™’® with values ranging from
6.2% to 44.0% (median: 19.5%). Two studies™*?!
also reported 1-year local progression-free survival
with values of 65.0% and 70.2%, respectively. All
studies reported median survival, ranging from 7.7
mo to 14.4 mo (median 11.4 mo)™?". In addition, 4
studies!®*! presented the results in terms of 1-year
survival, with values ranging from 15% to 60%
(median: 53%).

In all studies, the only severe toxicity (grade
> 3) recorded was gastrointestinal. Three studies
reported cases of obstructive damage: 10.5% of
acute gastroparesis!'®, 12.5% duodenal stenosis!*®’
and 3.3% of duodenal obstruction'®. The other type

August 21, 2015 | Volume 21 | Issue 31 |



Buwenge M et a/. Review: Radiosurgery in pancreatic cancer

of gastrointestinal toxicity was ulcerative: 6.2% of
gastric ulcer and 6.2% of duodenal perforation*®! and
16% of gastrointestinal ulcer’®. It should be noted
that, in some cases, other cases of ulcerative damages
were reported but classified as grade < 3 toxicity.
More specifically, Koong et ai'® reported an unknown
number of late duodenal ulcers, Schellenberg et a/™”
reported a percentage 31.2% of G2 ulcers and Goyal
et al*® also described 1 case (5.7%) of asymptomatic
pyloric ulcer.

DISCUSSION

Pancreatic cancer is highly aggressive, and very
little space to provide cure for patients is currently
available. Significant improvements in diagnostics for
staging, and both local (i.e., surgery and radiotherapy)
and systemic treatments (i.e., full dose chemotherapy,
molecular and immune response targeted therapies)
have been reported, however, during recent years™®.
Prognosis is in general dismal, with overall 5-year
survival rates inferior to 20% even for favorable
presentations***). Resections with microscopically-
free margins (RO) still represent the optimal chance to
achieve best survival rates®®, but apart from upfront
resectable presentations (generally representing
10%-20% of cases), rates of RO resection after
neoadjuvant treatments are still suboptimal for
locally advanced unresectable (LA) and borderline
resectable (BR) lesions™®**”*!1, Radiochemotherapy
(RTCT) has the potential to convert both LA (in around
23% to 40%)™* and BR lesions (40% to 54%) to
resectable®**". The role played by integrating RTCT
into the neoadjuvant schedules was questioned by
some recent Phase III trials, although with non-
definitive results®***!, The new integration of modern
drugs and modern radiotherapy techniques could
enhance the efficacy of RTCTP**!. For instance,
intensity modulated radiotherapy (IMRT) provided
better clinical results in terms of both limitations of
treatment toxicity™® and dose escalation™. In this
frame, the intriguing potential of stereotatic body
radiotherapy (SBRT) to deliver a biologically high
effective dose to the tumor, in a much shorter interval
(1-5 fractions vs 25-30 fractions), almost without
interference with full dose chemotherapy opens new
perspectives in both research and routine clinical
activities!'l. SBRT obtained clinical outcome for
survival at least comparable to the literature for LA
lesions in some preliminary experiments, and excellent
rates of local control over 90%"). Moreover, SBRT
gained resection rates of up to 56% for BR lesions"®.

SBRT requires less time to be delivered and is easily
integrated with systemic therapies, therefore it also
has great potential in the palliative use of radiotherapy
for such tumors®.

RRS of pancreatic cancer presents several theoretical
advantages. From the radiobiological point of view,
the extreme concentration of the dose in the short
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time could improve the antineoplastic effect by
avoiding the risk of tumor repopulation during the
treatment. From the technical point of view, the use
of robotic equipment is able to produce an extreme
spatial concentration of the dose potentially able
to reduce the risk of side effects. In addition, the
brevity of the treatment favors the integration with
systemic treatments, currently considered as a
standard therapeutic option in pancreatic cancer. In
order to analyze the results available in the scientific
literature, a systematic review was performed. Only
little evidence was found to be available on this topic.
In particular, only five studies were retrieved within
the last decade. These studies are methodologically
heterogeneous in terms of inclusion criteria, target
definition, dose prescription, chemotherapy usage and
criteria for toxicity assessment.

The various studies also present obvious metho-
dological limitations: missing study design in 2
trials™®?!, lack of justification of the sample size in
the phase I study!®, no description of the definition
of the target in 3 studies™”*®**", inclusion of patients
with metastases in one study™", inclusion of patients
previously irradiated in two studies!’*!], and shortness
of the follow-up (< 10 mo) in 3 studies!’'®**!, which
severely limits the reliability of the results, especially
in terms of late toxicity and rate of local progression.
Regarding the latter, it can be observed that the study
with higher incidence of local progression (44%)
is the one with the longer follow-up period (14.5
mo)™”. Even the reporting of results shows obvious
shortcomings: lack of description of the case series in
terms of tumor stage, lymph nodes in 4 studies''’*"’
and tumor site in 1 study™, no description of follow-
up observation time in 1 study™, no description of
tumor response in 3 studies!”’*?, no description of
local control with actuarial analysis in 3 studies!’*,
and no description of the number of cases of duodenal
ulceration in 1 study™,

With these limitations it is not possible to perform
some analyses on the studies evaluated in this
review. Indeed, the lack of description of target
definition prevents assessment of whether this issue
affects toxicity and local control. In addition, the lack
of description of tumor response or actuarial local
control, along with the variable use of chemotherapy,
the inhomogeneity of dose prescription methods and
of the doses administered within the different case
series, prevents analysis of dose response. However,
some considerations may be proposed. The few data
available on the response rate (ORR = 44%-68%)
appear at least comparable to those on standard
treatment based on concurrent chemoradiation with
conventional fractionation (0%-36%)“*). Even more
interesting are the results in terms of survival (median,
11.4 mo) - quite similar to those recorded with
standard treatment (range: 8.6%-13.0%)1>*%,

The most negative aspect reported in the analyzed
studies is represented by gastrointestinal toxicity,
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especially in terms of ulcerations. In particular, the
frequency of such complications has reached in
some cases very high rates, mostly for the trials
adding chemotherapy, while previous irradiation (for
treatments applying RRS as boost of dose) did not
clearly enhance toxicity. For example, in the series
by Schellenberg and colleagues, when grouping all
cases of ulceration regardless of the degree assigned
by the authors, the rate of ulcerations reached a
percentage of 43.7% of the patients™. In contrast,
there have been no reports of severe hematological
toxicity, frequently observed in studies of concurrent
chemoradiation (G3-4: 30.9%)",

The use of a standard radiation treatment before
RRS does not appear to produce significant benefits.
In fact, of the 2 studies using RRS as a boost, one is
the paper showing the absolute worst results in terms
of local progression (44%)%" and the other one is
the study reporting the worst survival (median: 7.7
mo)™®.. There is no clear relationship between dose
and survival. The study showing the better survival
(median, 14.4 mo) employed relatively low doses
compared to other studies (20-25 Gy), with some
patients receiving fractionated treatment™’. On the
contrary, in the study with worse survival (median
7.7 mo) the highest dose (IMRT + RRS: 70 Gy) was
delivered!®l, As previously noted, it is particularly
difficult to identify factors predictive of toxicity. For
example, in the study using the highest dose!® the
rate of late ulcerations was not reported. However,
it may be noted that in another study using RRS as
a boost!®™, the complication rate was relatively low
(3.3%), with no cases of ulceration. This fact might be
related to the relatively low dose of RRS (median: 16.5
Gy) or to the exclusion of patients with tumor invasion
of the duodenum.

On the other hand, the study with the highest
rate of ulcers (43.7%) and the only described case
of duodenal perforation was the one in which all
patients received a dose of 25 Gy RRSM"®., The results
in terms of survival seem to suggest the usefulness of
integrating RRS with chemotherapy. In fact, in the 3
studies with best results in terms of survival (median:
11.4-14.4 mo) chemotherapy was prescribed in
68%-100% of patients!*®*"! while in the 2 studies with
worse results (median: 7.7-11.0 mo) chemotherapy
was used only in 6.6% of patients*”! or only as
concomitant therapy to IMRT"®, Furthermore, it is also
possible that the imaging methods used in staging
and planning affected treatment outcome due to a
better patient selection. In fact, it can be noted that
in the same 3 studies with improved survival***! RRS
simulation and planning were based both on pancreatic
protocol CT and on "*F-FDG-PET.

The overall conclusion is that future studies of RRS
or SBRT appear justified in cancers of the pancreas,
considering the practical benefits and the preliminary
outcomes, similar to those of standard radiotherapy
regimens. It would be helpful if these studies could
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report the dose-volume histogram parameters to
allow correlation analysis between dosimetric data and
toxicity. In addition, it would be useful if these studies
were planned as part of combined modality treatments
based on homogeneous and standard chemotherapy
regimens. Furthermore, treatment techniques should
be optimized to reduce the incidence of gastrointestinal
toxicity. Possible strategies for this purpose may be
based on the technique of simultaneous integrated
boost (SIB), with a possible reduction of the dose in
sites most at risk of ulceration (duodenal wall).

One of the most interesting perspectives of conco-
mitant chemoradiation is the possibility of improving
the resectability rate in locally advanced tumors®™..
Therefore, further studies might be aimed at assessing
the role of RRS for the same purpose, possibly in
combination with neoadjuvant chemotherapy. In fact,
the brevity of the RRS would be a useful element to
integrate local radiotherapy with systemic therapy
and to reduce the delay of the surgery. Recent reports
suggest achievement of RO resection rates up to 55%
and 10% for BR and LA presentations, respectively,
by the use of modern regimens like FOLFIRINOX™Y,
To explore the potential of these schedules some
trials are ongoing testing the integration of stereotatic
treatments with new drugs like Nab-Paclitaxel
(Identifier: NCT02241551) or multidrug regimens like
FOLFIRINOX (Identifier: NCT01992705) to understand
if even better results are achievable and how toxic
such combinations could be.

Finally, it is well known that the treatment of
pancreatic tumors at an advanced stage has in most
cases a palliative aim and that most of these patients
suffer from abdominal and lumbar pain. Therefore, it
would be useful to evaluate the role of this technique in
pain control, even considering the advantage of using
a very brief treatment in patients with poor prognosis.
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Background

Pancreatic cancer is one of the most aggressive neoplastic lesions and its
prognosis is usually dismal even for more favorable presentations. In addition,
local disease progression can produce severe symptoms (pain, biliary and/or
intestinal obstruction, malnutrition) significantly worsening the quality of life
of patients. Traditionally, radiotherapy (usually associated with concurrent
and/or adjuvant chemotherapy) has been used to obtain a local control of the
disease. A conventional treatment course of radiotherapy requires on average
1-1.5 mo. This can sometimes be difficult to integrate with full-dose courses of
chemotherapy; thus, it is usually required to choose what approach to perform
first. One of the most promising and innovative techniques of radiotherapy is
robotic radiosurgery. Many technical features of this type of treatment delivery
make it appealing in the subset of primary treatments for pancreatic cancers.
Clinical evidence is still preliminary, but extremely promising.
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Research frontiers

The major impact in the treatment of pancreatic cancers is nowadays
represented by any attempt to improve the resection rates providing
microscopically-negative margins. That includes both the development of more
effective chemotherapeutic schedules and the optimization of more effective,
less toxic radiotherapy treatment courses. The introduction of a radiotherapy
technique allowing delivery of an efficient treatment in few or even one single
application could potentially lead to an ideal integration of radiotherapy with full-
dose chemotherapy.

Innovations and breakthroughs

The described radiotherapy technique (i.e., robotic radiosurgery), from a
technological point of view represents the most advanced form of radiotherapy
treatment delivery. It requires particular treatment facilities, providing the highest
level of precision in targeting the lesions to irradiate. It allows the highest levels
of treatment conformation to the target, thus reducing the amount of normal
tissue involved in the radiotherapy fields. Moreover, it applies the delivery of
high radiotherapy doses in a short time that biologically increases the damage
to the tumor.

Applications

The increased level of awareness of the potential efficacy of the described
technique will lead to further investigation in the near future of what represents
one of the most promising and revolutionary treatment approaches, both
regarding its intrinsic efficacy and the possibility of widespread use of a most
effective regimen of integration with systemic treatments.

Terminology

Stereotactic body radiotherapy (SBRT): this is an external beam radiotherapy
technique able to deliver high radiation dose to an extra-cranial body target
with high precision in a single or few fractions. Robotic radiosurgery: this is a
specific type of SBRT freating patients by the delivery of a single large fraction
of radiation using a robotic linear accelerator. Robotic linear accelerator: this is
a particular type of linear accelerator (for radiotherapy), characterized by the
highest level of precision obtainable in the visualization of the target, image-
guidance of the treatment delivery and device precision to conform the dose.

Peer-review

The authors systematically review currently available evidence on robotic
radiosurgery in the treatment of locally advanced pancreatic cancer. The topic
is interesting and timely and the literature review has been well conducted,
providing interesting points for discussion and inspiration for performing
prospective clinical trials with such novel RT delivery approaches.
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