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Abstract: Severe pain is frequent in patients with locally advanced pancreatic ductal adenocarcinoma
(PDCA). Stereotactic body radiotherapy (SBRT) provides high local control rates in these patients.
The aim of this review was to systematically analyze the available evidence on pain relief in patients
with PDCA. We updated our previous systematic review through a search on PubMed of papers
published from 1 January 2018 to 30 June 2021. Studies with full available text, published in English,
and reporting pain relief after SBRT on PDCA were included in this analysis. Statistical analysis
was carried out using the MEDCALC statistical software. All tests were two-sided. The I? statistic
was used to quantify statistical heterogeneity (high heterogeneity level: >50%). Nineteen papers
were included in this updated literature review. None of them specifically aimed at assessing pain
and/or quality of life. The rate of analgesics reduction or suspension ranged between 40.0 and
100.0% (median: 60.3%) in six studies. The pooled rate was 71.5% (95% CI, 61.6-80.0%), with high
heterogeneity between studies (Q? test: p < 0.0001; I> = 83.8%). The rate of complete response of pain
after SBRT ranged between 30.0 and 81.3% (median: 48.4%) in three studies. The pooled rate was
51.9% (95% CI, 39.3-64.3%), with high heterogeneity (Q? test: p < 0.008; I = 79.1%). The rate of partial
plus complete pain response ranged between 44.4 and 100% (median: 78.6%) in nine studies. The
pooled rate was 78.3% (95% CI, 71.0-84.5%), with high heterogeneity (Q? test: p < 0.0001; I? = 79.4%).
A linear regression with sensitivity analysis showed significantly improved overall pain response as
the EQD2o/ :10 increases (p: 0.005). Eight papers did not report any side effect during and after
SBRT. In three studies only transient acute effects were recorded. The results of the included studies
showed high heterogeneity. However, SBRT of PDCA resulted reasonably effective in producing pain
relief in these patients. Further studies are needed to assess the impact of SBRT in this setting based
on Patient-Reported Outcomes.
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1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading cause of cancer-related
deaths and is projected to become the second leading cause of cancer mortality by 2030 [1].
Most patients present with metastatic or unresectable disease [2].

The prognosis is very poor in these settings, and the quality of life is significantly
worsened by symptoms such as pain, jaundice, fatigue, weight loss/cachexia, and ascites [3].
In particular, abdominal and/or mid-back pain is reported by 70-80% of patients with
advanced PDCA [3,4] and is difficult to treat suggesting a multifactorial pathophysiology.
Notably, PDCA-related pain management is often suboptimal with patients often being
undertreated [5].

PDCA pain management is generally based on drug therapy (opioids, gabapentine,
duloxetine) and, depending on the pain pathogenesis, also several local procedures (celiac
plexus block, neurolysis, high-intensity focused ultrasound, endoscopic stents) can be
used [3,6,7]. However, both drug treatment and celiac plexus neurolysis have limited
efficacy and are associated with side effects and possible complications [5,8,9]. Radiation
therapy is another therapeutic option in PDCA palliation. The available studies are few but
consistently reported over 50% pain relief rates [10-12].

In the last 15 years, in addition to standard radiotherapy or chemoradiation of PDCA,
stereotactic body radiotherapy (SBRT) became available. Advantages of the latter are
high conformation of the dose and thus potential reduction of toxicity, high biological
efficacy due to the concentration over time, and short treatment duration which facilitates
integration with systemic treatments [13].

Three years ago, we published a systematic review on pain relief after SBRT in
PDCA [14]. The literature search included papers published from January 2000 to De-
cember 2017. The results showed a large variability that prevented an evaluation of factors
correlated with a better palliative effect (dose, fractionation, therapeutic combinations).
However, from January 2018 to December 2020, 180 papers on SBRT of PDCA were recorded
in PubMed [15].

Given this large availability of new evidence, we decided to update our previous
systematic review. The aim of the updated analysis was to provide more homogeneous
results and clearer indications on the most effective SBRT modalities to achieve pain relief
in this setting. Therefore, the purpose of this analysis is to report the results of our updated
literature review on SBRT efficacy in PDCA pain relief.

2. Results
2.1. Search Results

In our updated literature analysis, we included 19 papers [16-34]. In fact, six new
papers were identified and added to the 14 reports included in the previous analysis.
However, given that one study [35] reported the same data as a paper already included
in the analysis [25], it was excluded from the list of evaluable studies. (Figure 1) Overall,
the analyzed papers included 615 patients, of whom 296 reported pain before SBRT. The
characteristics of the analyzed studies in terms of pain relief are summarized in Table 1.
Detailed data on study design, patients, tumors, treatment, pain relief, and toxicity are
shown in the Supplementary Materials (Table S1).
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Table 1. Characteristics of analyzed studies and outcomes.

Author, Patients . . . Quality of
Year (with Pain) Pain Evaluation Methods Pain Response Outcomes Evidence (GRADE)
First evaluation after treatment: significant
Scale: WHO; worsening of pain (p = 0.008) and increased
Hoyer et al., 2005 [16] 22 (15) Timing: baseline and after treatment (non-significant) use of analgesics (p = 0.08). Low
(14 days, 2 and 3 months) Evaluation at 3 months: pain reduction in 50%
of patients.
Pain relief was evaluated by . . . .
Seo et al., 2009 [17] 30 (18) comparing analgesic consumptions Analgesic consu(I;Sp 210(/)? :}Te Sr rsegrl{l;ed in 10 patients Low
before and after SBRT. e ’
Analysis performed in patients with pain score > 4:
Didolkar et al., 2010 [18] 85 (moderate-severe: 31) Scale: 0-10 Complete pain relief (for at least 6 months): 48.4%, Very low
Partial pain relief: 51.6%.
Shen et al., 2010 [19] 20 (15) Scale: visual anallog with numeric Some degree of “pain relief was recorded in 90% of Low
rating treated patients
Mean pretreatment pain score: 3.91 £ 2.41; mean
Scale: visual analog with numeric post-treatment score (three months): 3.65 & 2.81
Polistina et al., 2010 [20] 23 (NR) . . & . [p > 0.05]). The authors reported a reduction in the Very low
rating; recording of analgesic use. . . .
consumption of analgesic drugs, but without
showing the data.
Rwigema et al., 2011 [21] 71 (16) NR Complete pain relief: 81.3% Very low
f;zlnes:. I"Ielisiﬁaslcirrlsl((; gxlil;;u;::gcial Complete or partial pain relief: 44.4%
Macchia et al., 2012 [22] 16 (9) & ymp ty Pain worsening: 6.2% Moderate
x frequency); Drug score (class of L . o o
. . Reduction in analgesic consumption: 40.0%
analgesics x frequency of intake)
Wild et al., 2013 [23] 18 (7) NR Pain relief: 57.1% (4-8 weeks after SBRT) Very low
. . . . Discontinuation of analgesic consumption: 63.6%
Tozzi et al., 2013 [24] 30 (11) Scale: numerical rating score Reduction in analgesic consumption: 36.4% Very low
Pain reduction from score 25 to score 17 (median
Herman et al., 2015 [25] 49 (NR) Scale: QLQ-PAN26 values), statistically significant (p = 0.001), recorded High
4 weeks after treatment.
Su et al., 2015 [26] 25 (20) Scale: numerical rating score Discontinuation of analgesic consumption: 50.0% Low

Reduction in analgesic consumption: 15.0%
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Table 1. Cont.

Author, Patients . . . Quality of
Year (with Pain) Pain Evaluation Methods Pain Response Outcomes Evidence (GRADE)
Abdominal pain relief: 80.0%
. Back pain relief: 75.0%
Kim etal,, 2013 [27] 26 (14) NR Discontinuation of opioid
consumption: 35.7%
Discontinuation of analgesic
Comito et al., 2017 [28] 31 (22) Scale: numerical rating score Consumpt.lon: 591 /0. Low
Reduction in analgesic
consumption: 40.9%
Complete pain relief: 57.1%
Koong et al., 2017 [29] 23 (14) NR Pain worsening: 7.1% Low
Both short-term (1 week after SBRT:
2.7 £ 1.3) and long-term (6 months
Zeng et al., 2016 [30] 24 (13) Scale: visual anal‘og with numeric after SBRT: 1:2 :I: ;.4) mean pain Low
rating scores were significantly reduced
compared to pre-treatment values
(7.2 £2.5) (p <0.05)
Scale: National Cancer Institute . . o
Ryan et al., 2018 [31] 29 (11) Common Terminology Criteria for Pain relief: 72.7% (3 months Very low
after SBRT)
Adverse Events
Scale: Brief Pain Inventory
) questionnaires (before treatment Pain relief: 57.0% (1 month
Tian etal., 2018 [32] 31(28) and one and three months after after SBRT) Low
treatment)
Both mean and worst pain scores
were significantly improved
after SBRT (p < 0.05), in all
. . . assessments over time. Pain relief
Jietal, 2018 [33] 35 (35) Scale: numerical rating score was further improved in a subset of Moderate
patients undergoing both SBRT and
celiac plexus block in the 2—4 weeks
post-treatment interval.
Koong et al., 2020 [34] 27 (17) Scale: Stanford Pain Score Complete pain relief: 30.0% Moderate

Partial pain relief: 70.0%

Abbreviations: NR: not reported; SBRT: stereotactic body radiation therapy.
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2.2. Pain Relief

The rate of analgesics reduction or suspension ranged between 40.0% and 100.0%
(median: 60.3%) in six studies [17,22,24,26,28,34]. The pooled rate was 71.5% (95% ClI,
61.6-80.0%), with high heterogeneity between studies (Q? test: p < 0.0001; I?> = 83.8%)
(Figure 2). The rate of complete pain response after SBRT ranged between 30.0% and
81.3% (median: 48.4%) in three studies [18,21,34]. The pooled rate was 51.9% (95% CI,
39.3-64.3%), with high heterogeneity (Q? test: p < 0.008; I? = 79.1%) (Figure 3). The rate of
partial plus complete pain response ranged between 44.4% and 100% (median: 78.6%) in
nine studies [18,19,22,23,27,29,31,32,34]. The pooled rate was 78.3% (95% CI, 71.0-84.5%),
with high heterogeneity (Q? test: p <0.0001; 12 = 79.4%) (Figure 4).

Weight (%)
Analgesic reduction or suspension ~ Semplesize  Proportion [%)] HX Gl Tiom
Seo Y et al., 2009 - —_— 18 55.556 30.757-72.470 18.81 1718
Macchia G. et al., 2012 3 40.000 11.051-75.457 9.30 1513
Tozzi A. st al, 2013 - JE— 1 100.000 71.509 - 100.000 1188 1583
SuTetal., 2015 - — 20 £5.000 40.781 - B4.609 2079 1740
Comito T et al.,2017 - — 0 92.000 79.722- 100.000 2079 17.40
Koong AJdetal, 2020 | —_—a— 17 28,000 22.145-71.289 1782 17.02
Total (fixed effects) E —— a5 71473 61,634 - 80.023 100.00 100.00
Total (random effects) |- e —— 95 71031 47.195 - 89.910 100.00 100.00
] | I I | 1

00 02 04 06 0.8 1.0 Heterogenity Q(df= 5) = 30.90; p< 0.0001; I’= 83.82%

Figure 2. Overall rate of reduction or suspension of analgesic therapy [17,22,24,26,28,34].

Weight (%]
Complete pain response Sample size Proportion (3%) 95% C1 eein (%)
Fixed Random
Didolkar MS et al., 2010 r ] 31 43387 30.155 - 66.939 4776 3538
Rwigema ICM et al., 2011 | ST 81250 5435435 953 2537 3179
Koong AJ et al., 2020 e S— 17 29.412 10314-55.958 2687 3223
Total (fixed effects) - i &4 51380 33.325-54.259 100.00 100.00
Total (random effects) - R &4 52012 27.013-73.161 100.00 100.00
I I I I L I

00 02 04 06 08 10 yeterogenity Q(df=2) =9.5; p= 0.008; P= 79.13%

Figure 3. Overall complete response to pain [18,21,34].

A i Waight (%)
+ P 5% C

Partial + Complete pain response Sample size  Proportion (%)  95% CI =i =
Didolkar MS et al.,2010 |- —3 31 100000  88.751-100000 2065 1263
Shen Z et al., 2010 - —— 15 20,000 £3.658-82.27L 1032 1136
Macchia G et al., 2012 | 9 42424 13.700-7E78% 545 10.00
Wild AT et al, 2013 - = 7 57143 18.405 - 20201 518 830
Kim CH et al., 2013 - R 14 TASTL  4902-85347 568 112
Koong AJ etal., 2017 = — 14 57.143 28.861 - 82.338 368 1112
Ryan JF et al., 2018 n . 11 27 seme-mers 774 1052
Tian Q et al., 2018 - —— 28 57443 37.473-75.538 1871 1248
Koong AJetal, 2020 — —_— . 17 £0.000 55.758 - 25,066 1161 1155
Total (fixed effects) L - 125 73333 710L7-84.545 100.00 100.00
Total (random effects) | ———— 145 74571 57.858-8.205 100.00 100.00

1 1 I L 1 1

Heterogenity Q(df=8)= 38.8 p<0.0001 F= 79.42%

Figure 4. Overall global (complete plus partial) response to pain [18,19,22,23,27,29,31,32,34].

Three studies in which more than 90% of patients were treated with SBRT plus
chemotherapy reported 90% median pain relief rate (range. 44.4-100%) [19,23,36] while in
four studies in which less than 30% of patients received chemotherapy in combination with
SBRT, the median pain relief was 67.8% (range: 57-90%) [20,24,28,33].

No studies reported the analgesic results of SBRT differentiating them according to
the tumor site in the pancreas (head vs. body vs. tail).
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Some studies where a low dose of radiation was delivered (median EQD2c/ 3:10:
31.3-50.0 Gy, median: 31.3 Gy) showed relatively poor results in terms of pain relief (CR
plus PR rate: 44.4-57.1%) [22,23,29,32]. In contrast, authors using intermediate doses
(median EQD2a/3:10: 68.0-79.7 Gy, median: 70.4 Gy) reported better results in terms of
pain palliation (CR plus PR rates: 78.6-90.0%) [19,21,27,34].

2.3. Impact of Radiotherapy Dose on Pain Relief

The linear regression of overall response rate of pain after SBRT, based on the equiv-
alent dose in 2 Gy per fraction (EQD2, o/ ratio = 10), showed a positive trend with
increased doses, but only when the analysis was performed without weighting the results
based on the number of patients in the individual case series (Figure 5). Furthermore,
it was clear the presence of an outlier study (18), the only paper reporting 100% overall
response rate. Therefore, the analysis was repeated, after removing this result, and showed
a highly significant positive effect of higher EQD2 on pain relief (p: 0.004 and p: 0.005 for
unweighted and weighted analysis, respectively) (Figure S1).

Overall Response Rate

R®=0.377 R® =0.141

B =0.601 B=0.411

p=0079 p=032
EQD2aR10

Figure 5. Linear regression: equivalent doses in 2-Gy fractions (EQD2) versus overall response rate
of pain.

2.4. Pain-Free Survival

Sixteen studies did not report on the pain control duration [17,19-29,31-34]. One study,
which showed a worsening of pain 14 days after SBRT, showed that 50% of patients had a
reduction of this symptom three months after SBRT [16]. In another study, it was observed
that patients with complete pain relief remained symptom free after six months [18]. Finally,
another study confirmed that SBRT-induced pain reduction was stable after at least six
months [30].

2.5. Toxicity

Seven papers did not report any side effect during and after SBRT [19,20,24,26-28,33].
In three studies only transient acute effects were recorded [21,29,30]. The incidence
of acute/late effects was 7.4% in one study [34]. Other studies reported variable inci-
dences of late side effects (gastrointestinal bleeding, obstruction, bleeding, perforation)
(Table S1) [16-18,22,23,25,31,32].

The only study where cases of gastric perforation were recorded was the one where the
highest SBRT doses were delivered in terms of EQD2«/3:10 and EQD2c/3:3 (93.8 Gy and
162.0 Gy, respectively) [16]. In studies where neither acute nor late effects were recorded,
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Bias due to selection of participants

EQD2a/ (3:10 ranged between 50.0 and 79.7 Gy (median: 65.5 Gy) and EQD2o/ 3:3 ranged
between 78.0 and 135.0 Gy (median: 95.0 Gy) [19,20,24,26-28,33].

2.6. Quality Assessment of the Analyzed Studies

Most studies included in this review presented a critical (3 reports) [17,30,31] or serious
(10 reports) risk of bias [19-21,23,24,26-29,34]. The domains with the highest critical-serious
risk of bias were “bias due to confounding” and “bias due to deviations from intended
intervention”. The risk of critical-serious bias was greater than 50% for all domains. The
Traffic-Light plot and the Summary plot based on the risk of bias in non-randomized studies
of intervention (ROBINS-I) tool are shown in Figures 6 and 7, respectively. The quality of
evidence, considering pain relief as the outcome and based on the GRADE assessment, was
high, moderate, low, and very low in one, three, eight, and seven papers, respectively (Table 1).

Risk of bias domains

'D1 | D2 | D3 | D4 | D5 | D6 | D7 Dverall
Hoer20058 @ @@ ® @ © © @O ©
Sw0200 @ ©® © © © © © O
Didokar2010 /| @ © © © @@ ® © ©
shen20i0 @ ® © @ © ©® ©® ©
Polistina2010| @ @ © @ ©® © © @
Rwigema20ii @ @ © ©® ©® ©® ©® ©
Macchia2oi2l © © @ © @ @ ® O
widois @ @ © @ @ © © O
|ozoe @ @ © @ © © O O
SHeman20i5| © ® ® ® ® © ® ©
su0is @ @ © © © © O O
km20is @ ® © ® @ © ©® ©
Comto2017 | @ @ © ©® ©® ©® ©® ©
koong2017 | @ @ © ©® ©® ©® ©® ©
zg06 @ @ © © © © © O
Rn20ie | @ @ © © © O O O
T8 © © © @ © @ © ©
208 © © © @ © @ 6 ©
koong2020 | @ @ © ©® @@ © © @
D e ook, g

D2: Bias due to selection of participants
D6: Bias in measurement of oulcomes . ki

D7: Bias in selection of the reported result

Figure 6. Risk of Bias in Non-Randomized Studies—of Interventions (ROBINS-I) traffic-light plot [16-34].

Bias due to confounding

Bias in classification of interventions [ ]
Bias due to deviations from intended interventions [N
Biasduetomissingdata [ I
Bias in measurement of outcomes [N
Bias in selection of the reported result [N S
Overallriskofbias [

0% 25% 50% 75% 100%

. Low risk D Moderate risk . Serious risk . Critical risk

Figure 7. Risk of Bias in Non-Randomized Studies—of Interventions (ROBINS-I) summary plot.
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3. Discussion

Pain is a frequent symptom in PDCA patients with a very negative impact on patients’
quality of life. Many treatments can reduce this symptom, but in most cases, there are
barriers that limit their use. For example, the use of chemotherapy is hindered by the poor
performance status, at least in some categories of patients, similarly to what happens for
radiotherapy or chemoradiation with conventional fractionation. Furthermore, the use
of opioid drugs is limited by side effects and concern for abuse. Finally, interventional
gastroenterologists, although available at academic centers, may not be available in the
general community for neurolysis, high-intensity focused ultrasound, and endoscopic
pancreatic stenting procedures.

In this regard, SBRT represents a potentially useful treatment in patients with PDCA-
induced pain. Indeed, some studies showed improved local control in PDCA after SBRT
compared to standard chemoradiation [36,37]. Furthermore, in this setting of patients
with limited survival expectancy, the reduction of acute side effects demonstrated in some
comparisons with chemoradiation represents an important advantage in terms of quality
of life [37,38].

Despite this background, there are no studies in the literature specifically aimed at
the analgesic effect of SBRT in PDCA. Furthermore, to the best of our knowledge, our
analysis remains the only systematic review on this topic. This updated review was not
based on automatic monitoring systems of available trials, but on the simple observation
of the growing number of studies published on SBRT of PDCA. In fact, we decided to
repeat this systematic review having noticed that the number of reports on the PDCA’s
SBRT had increased by over 180 papers since the publication of our previous analysis [14].
However, by including the term “pain” in our research, the number of reports was reduced
to just 42 papers. Even considering the limitations of this study, mainly resulting from the
low level of available evidence, our analysis suggests that SBRT is effective in achieving
pain relief in most PDCA patients. Furthermore, some studies suggest that pain relief is
long-lasting in these patients [16,18,30].

In fact, only two studies, enrolling a total of 45 patients, reported a lack of improvement
in pain [20] or even its worsening [16]. In this regard, some observations can be made. In
the first study a comparison between pain (measured with a visual analog scale) before
and after SBRT was performed on all treated patients including those without pain before
therapy. Obviously, this type of analysis may prevent the detection of improvement in
patients with pain [20]. Regarding the second paper, it should be emphasized that a very
large planning target volume was defined by including the peritumoral edema plus a
margin of up to 10 mm. Furthermore, in this study, the Equivalent Dose in 2 Gy per
fraction, calculated using an o/ ratio of 10 (EQD2,,g.10), was the highest (93.8 Gy)
among the studies included in our analysis. Therefore, it is possible that the combination
of very high dose and very large, irradiated volume may have caused complications in the
gastrointestinal tract producing local pain. In fact, the toxicity recorded in that analysis
was the most serious of all the reports, with duodenal mucositis/ulcerations (18%) and
gastric perforations (4.5%) [16]. Therefore, the latest study suggests a detrimental effect
of very high doses on the palliative impact of SBRT in this setting. On the contrary, our
analysis on the impact of EQD2 on the overall pain response showed, in particular in the
sensitivity analysis, a significantly improved response rate with the dose increase. The
removal of an outlier study from the analysis may be questionable. However, it should be
noted that the authors of that study reported partial or complete pain relief in 31 patients
undergoing SBRT but did not specify the timing of the assessment. Furthermore, looking at
the survival curve after SBRT in their paper, the immediate descending part of the graph
is clear, making it highly unlikely that all treated patients could have been assessed for
symptomatic response.

Even concurrent chemoradiation with standard fractionation can improve cancer-
related pain [39]. However, an assessment of the treatment impact on pain was not per-
formed in direct comparisons between chemoradiation and SBRT [36-38,40-43]. Moreover,
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chemotherapy alone is able to reduce PDCA pain [44]. However, even direct comparisons
between SBRT and chemotherapy or between chemotherapy alone and chemotherapy com-
bined with SBRT in terms of pain relief are lacking. Nonetheless, it should be noted that, in
the two studies reporting pain control over six months after SBRT, all patients underwent
adjuvant chemotherapy [18,30]. However, comparing the median pain relief after SBRT,
in case series in which chemotherapy was administered in the minority [20,24,28,33] or in
the majority [19,23,36] of patients, no clear differences were found regarding this endpoint
(67.8% and 90%, respectively). Anyway, it is difficult to compare the results of SBRT in
pain relief with those obtained with other systemic or local therapies. For example, it is
likely that, at least in some centers, patients without lymph node metastases and without
extension to hollow organs of the gastrointestinal tract, such as stomach and duodenum,
have been preferentially referred to SBRT rather than chemoradiation and/or chemother-
apy. Clearly, these patients, with more localized cancer, would be less likely to have severe
pain and more likely to obtain a palliative benefit

Similarly, no direct comparisons are available between SBRT and local analgesic treat-
ments. Only one paper, included in our analysis, compared SBRT versus SBRT combined
with celiac block [33]. In fact, Ji et al. showed that the average and worst pain, measured
using a Numerical Rating Scale, were significantly lower after SBRT compared to baseline
values (p < 0.05). However, there was a significant decrease (p < 0.05) in average Numerical
Rating Scale in the SBRT plus celiac plexus block group compared to SBRT alone group
at two, three and four weeks after SBRT. Moreover, the worst Numerical Rating Scale in
the SBRT plus celiac plexus block group was significantly lower (p < 0.05) compared to the
SBRT alone group at three and four weeks after SBRT [33]. The results of this study seem to
suggest that the analgesic effect of SBRT can be improved through the combination with
other local treatments.

Our study has several limitations: (i) the sample size was small, with only three
studies including more than 50 patients; (ii) in addition, some authors reported only the
“p” value of the statistical significance of pain changes, without reporting the percentages
of subjects with pain before and after SBRT [16,20,25,30,33]. Therefore, we had to exclude
these studies from the quantitative analysis to calculate the pooled values, as evident from
Figures 2—4. Particularly, for the same reasons, the only study reporting negative results in
terms of pain relief could not be included. In fact, neither the rates of analgesic reduction or
suspension, nor the rates of partial plus complete pain response after SBRT were reported
in the paper by Hoyer et al. [16]; (iii) in most cases, the studies were retrospective or
case series and therefore with high risk of under-reporting the incidence of side effects;
(iv) due to the same reasons, most studies included in this review presented a critical
(3 reports) [17,30,31] or serious (10 reports) [19-21,23,24,26-29,34] risk of bias; (v) the
inclusion criteria were different between the different studies and the treatment modalities
were very inhomogeneous in terms of planning and delivery techniques, definition of
the planning target volume, dose and fractionation, and integration with chemotherapy;
(vi) the criteria for evaluating pain relief were different between different series, and the
duration of response of this symptom was evaluated only in a minority of analyses.

4. Materials and Methods

This analysis was conducted based on the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) statement [45]. The research question was framed
using the Population, Intervention, Comparison and Outcomes (PICO) method as follows:
“In patients with unresected pancreatic adenocarcinoma (P), is stereotactic radiotherapy
(I), compared with standard treatments—chemotherapy, chemoradiation—(C), effective in
terms of pain relief (0)?”

4.1. Endpoints

The primary endpoint of this updated analysis was pain relief. It was analyzed in
terms of symptom’s response (partial or complete) and based on reduction or suspension
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of analgesics intake. Other evaluated endpoints were pain-free survival and acute and
late toxicity.

4.2. Selection Criteria

Studies with full available text, published in English, and reporting pain relief after
SBRT of PDCA were included in this analysis. Moreover, only patients undergoing SBRT
on primary PDAC were included in the analysis. Studies were excluded in the case of
abstracts of conference proceedings; case reports; inclusion of non-adenocarcinoma pan-
creatic cancers PDCA, SBRT delivered in >10 fractions, SBRT delivered over an entire
lymph node region, and PDCA irradiated with a technique different from SBRT; studies on
animal models/preclinical studies; planning studies; imaging studies; study protocols; pain
relief not separately reported for PDCA; systematic or narrative reviews; meta-analyses;
letter-commentaries-editorials; surveys; exclusion from the analysis of patients not com-
pleting SBRT or with progressive disease during treatment; guidelines—-recommendations;
or duplicate data. In case of inclusion of the same patients in subsequent publications, the
most complete or recent article was selected.

4.3. Literature Search and Data Extraction

We updated on the Medical Subject Headings PubMed platform the literature search
performed in our previous paper [14] on 30 January 2021. Additionally, the research was
further updated on 30 June 2021. The same search strategy was adopted: (“pancreatic
neoplasms” [MeSH Terms]) OR (“pancreatic” [All Fields] AND “neoplasms” [All Fields])
OR “pancreatic neoplasms” [All Fields] OR (“pancreatic” [All Fields] AND “cancer” [All
Fields]) OR (“pancreatic cancer” [All Fields]) AND (“radiotherapy” [Subheading] OR
“radiotherapy” [All Fields] OR “radiotherapy” [MeSH Terms]) AND (“pain” [MeSH Terms]
OR “pain” [All Fields]). Only papers published from 1 January 2018 to 31 December
2020 were included. Two authors (MB, AA) selected papers from titles and abstracts.
Subsequently, the same authors independently evaluated the selected papers at text level
to verify their suitability for the analysis. Finally, selected papers were evaluated to extract
the data useful for the review. Two authors (MB, AA) independently extracted the data,
and any discrepancies were solved discussing with the senior authors (5iC, AGM).

4.4. Statistical Analysis

The statistical analysis was carried out using the MEDCALC statistical software
(version 15.2.2, MedCalc Software bvba, Ostend, Belgium). All tests were two-sided. The I?
statistic was used to quantify statistical heterogeneity (high heterogeneity level: >50%). The
latter was tried out with the Q? test (significance level: p < 0.1), and statistical significance
was considered as p < 0.05, except when investigating heterogeneity among studies (p < 0.1).
In case of heterogeneity among selected studies, rates and proportions were pooled using
a random-effects model. A fixed-effect model was used in other cases. The dependent
variables were modelled on the logit (log-odds) scale, converted back to percentages, and
then presented as point estimates and 95% CI. The impact of the equivalent dose in fractions
of 2 Gy (EQD2, ot/ = 10) was performed by linear regression, with and without weighting
based on the sample size of the individual case series. In addition, a sensitivity analysis
was planned with the exclusion of any outliers.

4.5. Quality Assessment

Since no randomized trial was conducted on the topic of this analysis, the assess-
ment of the risk of bias was performed using the risk of bias in non-randomized studies
of intervention (ROBINS-I) tool [46]. It includes risk of bias due to confounding factors,
selection of participants into the study, classification of interventions, deviations from in-
tended intervention, missing data, measurement of outcomes, and selection of the reported
results. Two authors (MB, AA) ranked independently the included papers and resolved
any disagreement by discussion. The results of this analysis were reported graphically
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using the robvis tool [47]. The quality of evidence, considering pain relief as the outcome,
was based on the GRADE assessment [48].

5. Conclusions

SBRT is reasonably effective in pain relief of PDCA patients. Very high doses of
SBRT can have a detrimental effect while intermediate doses seem more effective than low
doses. Particular attention to treatment details is needed considering the risk of side effects,
sometimes of not negligible severity. Finally, since surgical resection is the only possibility
of cure for patients with PDCA, the objectives of SBRT in patients with inoperable PDCA
should be both survival prolongation and quality of life improvement.

Therefore, future studies should be aimed at: (i) prospective analyses including a
systematic assessment of the impact of SBRT on pain and more generally on quality of life;
(if) comparison between the impact on pain of SBRT and chemoradiation; (iii) comparison
between pain control achievable with systemic therapies alone or with systemic therapies
combined with SBRT; (iv) identification of the best combination between SBRT and systemic
therapies not only in terms of outcome but also of palliation of symptoms including pain;
(v) identification of the best combinations between SBRT and local pain treatments (celiac
plexus block, neurolysis, high-intensity focused ultrasound) to achieve the highest and
most lasting relief from this symptom.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/curroncol29040214/s1. Table S1: detailed characteristics of study
design, patients, tumors, treatment, pain relief, and toxicity. Figure S1: Linear regression with
sensitivity analysis (removal of an outlier: Didolkar et al., 2010) of equivalent total doses in 2-Gy
fractions versus overall response rate of pain.
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