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ARTICLE INFO ABSTRACT

Keywords: Background and purpose: To assess feasibility, toxicity and outcome of moderately hypofractionated radiotherapy
Hypofractionated radiotherapy concomitant to capecitabine after induction chemotherapy for advanced pancreatic cancer.
Radiochemotherapy

Materials and methods: Patients with advanced pancreatic cancer without distant progression after induction
chemotherapy (CHT) were considered. Radiochemotherapy (RCT) consisted of 44.25 Gy in 15 fractions to the
tumor and involved lymph-nodes concomitant to capecitabine 1250 mg/m?/day. Feasibility and toxicity were
evaluated in all pts. Overall survival (OS), progression free survival (PFS), distant PFS (DPFS) and local PFS
(LPFS) were assessed only in stage III patients.

Results: 254 patients, 220 stage I1I, 34 stage IV, were treated. Median follow up was 19 months. Induction CHT
consisted of Gemcitabine (35 patients), or drug combination (219 patients); median duration was 6 months.
Four patients (1.6 %) did not complete RT (1 early progression, 3 toxicity), median duration of RT was 20 days,
209 patients (82 %) received > 75 % of capecitabine dose.

During RCT G3 gastrointestinal toxicity occurred in 3.2% of patients, G3-G4 hematologic toxicity in 5.4% of
patients. Subsequently, G3, G4, G5 gastric or duodenal lesions occurred in 10 (4%), 2 (0.8%) and 1 patients
(0.4%), respectively.

Median PFS, LPFS, and DPFS were 11.9 months (95 % CI:11.4-13), 16 months (95 % CI:14.2-17.3) and 14.0
months (95 % CI:12.6-146.5), respectively.

Median OS was 19.5 months (95 % CL:18.1-21.3). One- and two-year survival were 85.2 % and 36 %,
respectively.

Conclusions: The present schedule of hypofractionated RT after induction CHT is feasible with acceptable toxicity
rate and provides an outcome comparable with that achievable with standard doses and fractionation.

Induction chemotherapy
Pancreatic cancer
Capecitabine

Introduction

The optimal treatment strategy for locally advanced pancreatic
cancer (LAPC) is matter of debate. When the present study was devel-
oped, a systematic review on radiochemotherapy (RCT) for LAPC
concluded that RCT was not superior to chemotherapy (CHT) in terms of
survival and increased toxicity [1].

Considered the frequent metastatic dissemination of LAPC, many

Authors from different Institutions, including ourselves, tested induction
CHT followed by RCT in patients without progression [2]. Median
overall survival (OS) reported by studies that used this approach were
11.6-17 months, comparing favourably against the two treatments
delivered separately [3-10], convincing us in applying this promising
strategy (induction CHT followed by RCT). More recently, LAPO7 trial
found that median OS was not significantly different in patients treated
with CHT alone vs patients treated with induction CHT followed by RCT:
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locoregional progression was less frequent in RCT group whereas sys-
temic progression was less common in CHT group [11].

Hypofractionation offers advantages in term of patient and device
engagement. The choice of a hypofractionated regimen should be based
on radiobiological consideration in order to balance tumor control and
toxicity. We opted for a moderately hypofractionated regimen in 15
fractions having biological equivalent dose (BED) comparable to (or
slightly higher than) standard doses and fractionation.

We report feasibility, toxicity and efficacy of our protocol [12] of
moderately hypofractionated RT after induction CHT for advanced
pancreatic cancer (APC) patients.

Materials and methods
Study design and eligibility criteria

The first step consisted of a phase I study delivering 44.25 Gy in 15
fractions to tumor and involved lymph-nodes and a simultaneous inte-
grated boost (SIB) from 48 to 58 Gy to infiltrated vessels concomitant to
capecitabine after induction chemotherapy. This phase I study was
approved by our Institutional Ethical Committee. A minimum of three
patients were treated at each dose level, twenty-five patients were
enrolled: despite encouraging results [12], a trend of increase of toxicity
with SIB was reported suggesting to deliver higher dose only to selected
patients, as explained later [13].

Then, the original protocol was amended and a new observational
trial started. All patients provided written informed consent before the
start of RCT. Data were retrospectively analysed.

This RT schedule, 44.25 Gy in 15 fractions, was chosen in order to
have a biological effective dose (BED) comparable with standard doses
and fractionation in about half fractions.

Taking into account the repair rate and delay time to
re-population parameters, BED 1is approximated by
formula:

BED = nd(1 +d/a/B) —y/a(T — TK) (€]

where n is the number of fractions; d the daily dose; y/a the repair
rate (assumed to be around 0.6 Gy/day); T the total treatment time (19
days); Tk the proliferation delay (7 days) [14-16]. The resulting BED10
of 44.25 Gy in 15 fractions, 50.4 Gy, and 54 Gy, 1.8 Gy/Fr, were 50 Gy,
48 Gy and 51 Gy, respectively.

Patients were restaged after induction chemotherapy and discussed
at multidisciplinary meetings. Considered for RCT were: 1) stage III
patients (AJCC/International Union against Cancer (UICC) tumor-
-node-metastasis (TNM) staging 7th edition) still deemed not resect-
able, including patients with local progression after chemotherapy, 2)
stage IV patients still with complete response of metastases for at least 4
months after induction chemotherapy. Additional inclusion criteria
were age 18-80 years, Karnofsky performance-status > 70, adequate
bone marrow, renal and hepatic function.

Radiotherapy procedure

RCT started 2-4 weeks after induction chemotherapy, apart stage IV
patients as described above. Enrolled patients underwent simulation
contrast-enhanced computed tomography (CT) and FDG-PET/CT. Pri-
mary tumor and enlarged lymph-nodes were defined as GTV. ITV was
defined as GTV plus margins of 0.5 in axial and 1.0 cm in cranial-caudal
directions. PET positive volume, named Biological Target Volume
(BTV), was merged with ITV. ITV/BTV was isotropically expanded of
0.5 cm to generate PTV. A dose of 44.25 Gy in 15 fractions was pre-
scribed to PTV concomitant to capecitabine, 1250 mg/day weekends
included.

Stomach, duodenum, liver, kidneys and spinal cord were contoured
as organs at risk. Based on a previous study [13], constraints for stomach
were: D2%<40 Gy, D25%<36 Gy; constraints for duodenum were: V38
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< 30 %, D33%<36 Gy. The overlap between stomach + duodenum and
PTV was also defined. Dose prescription to the overlap was 44.25/
43.25/42.25 Gy, when overlap volume was <14 cc/<30 cc/30-50 cc.
respectively. In case of overlap > 50 cc or dose constraints not respected,
40 Gy in 15 fractions was prescribed (BED;( = 43 Gy using formula (A)).

As previously mentioned, a group of patients received an additional
boost to a PTV obtained from the infiltrated vessels (48-58 Gy). In
addition, 48 Gy to whole PTV (BED;( = 56.2 Gy using formula (A)) was
prescribed for selected patients with favourable tumor dimensions or
tumor anatomic site and respected dose constraints.

All treatment plans were generated using the Tomotherapy® plan-
ning optimization system.

A megavoltage CT was performed before each RT fraction and co-
registered with the planning CT by means of automatic matching fol-
lowed by manual correction: tumor surrogate for image guidance when
pancreas was not sufficiently visible were anatomic landmarks such as
biliary stent, origin of regional arteries and veins.

Patients were examined once a week during the therapy by radiation
and medical oncologists. During the follow up, complete history, phys-
ical examination, laboratory values CA 19.9 included, and contrast
enhanced CT scan were planned every 2-3 months. Patients were fol-
lowed up for toxicity and outcome until death. Adverse events were
classified as acute or late when occurring during the treatment and
within 3 months after RCT completion or after 3 months, respectively.
Toxicity was scored by the National Cancer Institute Common Termi-
nology Criteria for Adverse Events (version 5): the worst score of acute
and late toxicity was reported.

Statistical analysis

All treated patients were considered evaluable for feasibility and
toxicity but only patients with stage III disease were considered for
outcome. Outcome of Stage IV patients will be analysed in a dedicated
paper. Kaplan-Meyer curves were estimated both for outcome and
toxicity. Progression free survival (PFS), local progression free survival
(LPFS), distant progression free survival (DPFS), and overall survival
(0OS) were defined as the time from the date of CHT initiation to pro-
gression or death, to local progression, to distant metastases, and death,
respectively. Local progression was defined as progression in the irra-
diated volume according to RECIST criteria. Time to grade > 2 mucosal
toxicity was calculated from the end of the radiotherapy treatment.
Patients who died without having late toxicity were censored from
toxicity analysis.

Statistical analyses were performed using the MedCalc package (v
15, MedCalc Inc.).

Results
Patient characteristics

From November 2004 to November 2019, 254 patients were treated.
Main characteristics of patients are summarized in Table 1. Two hun-
dred and twenty patients had stage III disease, including 22 (10 %) with
local progression after induction chemotherapy, and 34 patients had
stage IV. All patients received induction chemotherapy. Two hundred
and nineteen patients received a combination with at least two drugs, 35
patients received single agent chemotherapy (Table 2). Median duration
of chemotherapy was 6 months (range 1-17 months).

Feasibility and toxicity

All 254 patients were evaluable for feasibility and toxicity.

Four pts (1.6 %) did not complete RCT (1 early progression, 3
gastrointestinal toxicities). Twenty-five patients (11 %) received SIB
inside the phase I study. We considered this group evaluable also for
outcome because SIB was prescribed only to small tumor sub-volume
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Table 1
Characteristics of patients.
Nr

Enrolled patients 254
Age, years, median (range) 66 (40-84)
Male/female (%) 118/136 (46/54)
Median KPS* (range) 90 (70-100)
Histology (%)
Ductal Adenocarcinoma 250 (98)
Cystadenocarcinoma 2(0.8)
High grade carcinoma 2(0.8)
Stage III (%) 220
Lost after radiochemotherapy 3(1.2)
Evaluable for outcome 217 (98)
Local progression after induction CHT** 22 (10)
Stage IV (stable CR*** of metastases) 34
Location of primary tumor (%)
Head 141 (55)
Isthmus 30 (12)
Body 58 (23)
Tail 25 (10)

*KPS = Karnofsky performance status; **CHT = Chemotherapy.
*** CR = complete response;

Table 2
Chemotherapy regimens.

Regimen Nr. pts (%) Period (years)

Multiple agents

PEXG 75 (30) 2005-2013
PDXG 14 (5) 2006-2008
PAXG 42 (16) 2013-2019
AG 74 (29) 2014-2019
Folfirinox 7 (3) 2015-2019
GEMOX 52 2009-2013
Other 2(0.7) 2009-2014
All 219 (86)

Single agent

Gemcitabine 28 (11) 2009-2019
Capecitabine 7 (0.7) 2008-2014
All 35(14)

PEXG: cisplatin, epirubicin, capecitabine, gemcitabine [17]. PDXG: cisplatin,
docetaxel, capecitabine, gemcitabine [17]. PAXG: cisplatin, nab-paclitaxel,
capecitabine, gemcitabine [18]. AG: nab-paclitaxel, gemcitabine [18]. Folfir-
inox [19]. GEMOX: gemcitabine, oxaliplatin [20].

infiltrating vessels. Thirty-five (13.7 %) patients received 48 Gy to the
whole PTV. Thirty-one (12 %) patients received 40 Gy (Table 3). The
planned and median duration of radiotherapy were 19 and 20 days
respectively. One hundred twenty-six patients (50 %) completed the
treatment in 19-20 days, 96 patients (38 %) in 21-23 days, and 28
patients (11 %) in 24-28 days.

One hundred and ninety-eight patients (78 %) received 100 % of
capecitabine dose, 11 patients (4 %) received 75-99 %, 16 patients (6 %)
received 50-74 % and 4 patients (1.6 %) less than 50 %. The percentage
of dose really taken could not be calculated in 8 patients (3 %). Seven-
teen patients (7 %) did not receive concomitant chemotherapy due to
incomplete jaundice resolution (1 patient), patient’s refusal (1 patient),
not reported reason (1 patient), persistent toxicity after induction CT (14

Table 3
Number of patients, grouped by stage, who received the doses of RT foreseen by
the protocol.

Doses of RT
44.25 Gy >48 Gy 40 Gy InterruptedRadiotherapy All
Stage Nr of patients
i 137 57 22 4 220
v 22 3 9 0 34
All 159 60 31 4 254
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pts).

Acute G3 nausea/vomiting, epigastric pain and diarrhoea occurred
in 3.2 % of patients, G3 hematologic toxicity in 5 % of patients with only
one case of G4 anemia (0.4 %). Ten patients (4 %) had acute or late G3
mucosal lesions consisting of gastric ulcer, gastritis and/or duodenitis; 2
patients (0.8 %) had G4 gastritis and/or duodenitis (Table 4). Of note,
the incidence of G > 2 mucosal damage was 9/60 (15 %) in patients who
received SIB to infiltrated vessels or 48 Gy to the whole PTV, including a
patient who died after gastroscopic diagnosis of gastric antral vascular
ectasia, 4/163 (2.5 %) in patients treated with 44.25 Gy, and 0/31 in
patients treated with 40 Gy (p < 0.05). Median time between the end of
RCT and mucosal damage was 18 weeks (range 1-41 weeks). The Kaplan
Meyer curve for G > 2 mucosal damage is reported in appendix.

Efficacy

Two hundred and twenty stage III patients were treated: three pa-
tients were lost to follow-up, resulting 217 patients evaluable for
outcome. Median follow-up was 19 months (4.8-123.8 months). Nine
patients (4 %) were resected after RCT. Two hundred and one patients
had disease progression (93 %). Three patients died without restaging so
that the site of first progression was available in 198 patients. First site of
progression was local in 52/198 patients (26 %), distant in 79 patients
(40 %), local + distant in 67 patients (34 %). Most patients had more
than a single site of metastases: the most frequent sites were liver in 86
cases (43 %), lung in 39 (20 %), peritoneum in 38 (19 %), regional
lymph-nodes in 12 (6 %), isolated lymph-node relapse in 1 (0.5 %).
Median PFS, LPFS, and DPFS were 11.9 months (95 % CI:11.4-13), 16.0
months (95 % CI:14.2-17.3) and 14.0 months (95 % CI:12.6-146.5),
respectively. At 1 year, the local control was 71 % (SD = 0.03), at 2 year
19.7 % (SD = 0.04) (Fig. 1)

Twenty-one out of 52 patients (40 %) who had initial local pro-
gression developed metastases after a median time of 3.75 months.
Twenty-seven out the 79 (34 %) patients who had initial distant relapse
developed local progression after a median time of 3.83 months. Overall,
146/198 patients (73 %) had local progression and 170/198 patients
(86 %) had distant progression during their clinical course. Twenty
patients (10 %) died with only local progression.

Outcome data of the 22 patients who had local progression after

Table 4
Acute and late toxicity (254 evaluable patients).
G1 G2 G3 G4 G5
ACUTE
Nausea/vomiting 70 44 2 (0.8%)
(27.5%) (17%)
Epigastric pain 43 (17%) 17 (7%) 4 (1.6%)
Diarrhea 25 (10%) 16 (6%) 2 (0.8%)
Asthenia 25 (10%) 15 (6%)
Abdominal pain 10 (4%) 2 (0.8%)
Anorexia 18 (8%) 4 (1.6%)
Weight loss 6 (2%) 2 (0.8%)
Anemia 17 (7%) 1 (0.4%) 4 (1.6%) 1(0.4%
Thrombocitopenia 23 (4%) 6 (2%) 3(1.2%)
Neutropenia 7 (3%) 4 (1.6%) 3 (1.2%)
Hand-foot 1(0.3%) 6 (2 %)
Syndrome
Gastritis 1 (0.4 %) 2(0.8 1(0.4
%) %)
Gastric ulcer 3 (1.2%) 1 (0.4%)
Duodenitis 1 (0.4%)
Hepatic 16 (6 %) 3@1.2
%)
LATE
Gastro-duodenitis 3(12%) 1 1
(0.4%) (0.4%)
Duodenitis 2(0.8 1
%) (0.4%)
Gastritis 1 (0.4%) 3 (1.2%)
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Fig. 1. Outcome data for all stage III patients.

induction CHT, compared with those of the 195 patients without local
progression were: PFS 10.8 vs 12.1 months (p = 0.0002); LPFS 14.4 vs
16.3 (p = 0.20), DPFS 10.8 vs 15.2 months (p = 0.0057), Fig. 2.

Considering the 35 patients who received 48 Gy to whole PTV
(excluding the 25 patients who received SIB only on infiltrated vessel),
15 out of them (42 %) had local (+distant) progression as first site of
progression, not significantly different from local (+distant) progression
observed in the group treated with 44.25 Gy: 85/135 (54 %), P = 0.21.

One hundred and sixty-eight patients died. Median survival was 19.5
months (95 % CI:18.1-21.3). One, two and three year survival were
85.2 % (SD = 0.02), 36 % (SD = 0.03) and 12.5 % (SD = 0.02),
respectively (Fig. 1).

Median OS was 16.7 for the 22 patients who had local progression
after induction CHT and 20.6 months in patients without local pro-
gression (p = 0.0001) (Fig. 2). Median OS was 24.1 months for patients
who had only local progression as first site of progression after RCT,
19.2 months for patients who had only distant progression, and 16.3
months for patients who had both local and distant progression (p =
0.0032) (Fig. 3).

Discussion

To our knowledge, current study provides results from the largest
single-Institute cohort of consecutive APC patients available in literature
homogeneously treated with moderately hypofractionated RT deliv-
ering BED comparable to standard doses, concomitant to capecitabine
after induction chemotherapy. This regimen was feasible in 98.4 % of
cases, showed G > 3 acute gastrointestinal toxicity rate of 3.2 % and
major (G3-G4) acute and late gastritis, duodenitis, ulcer in 5.2 % of

cases, reduced to 2.5 % in the group of patients treated with 44.25 Gy in
15 fractions. Limitations of the present study were its retrospective na-
ture and the lack of a control arm, so we could only compare our results
with the literature data. We choose to discuss our results in the context
of LAPO7 [11] and SCALOP [21] trials in which standard dose and
fractionated RT concomitant to capecitabine was administered in one
arm vs additional cycles of chemotherapy alone to patients with stable
or responding disease after induction chemotherapy consisting of gem-
citabine (GMC) with/without erlotinib [11] or GMC plus capecitabine
[21].

Feasibility of RT concomitant to capecitabine was provide only by
SCALOP trial: 74 % of patients received the full dose of radiotherapy
[21]. Acute G3-G4 gastrointestinal toxicity in capecitabine arms of
SCALOP and LAPO7 was 0 % and 5.9 %, respectively [21,11]. Feasibility
and acute toxicity in our study seems to be in line with those reported by
the two cited trials. The low rate of late toxicity in our study compares
favorably with that reported in a recent review [22].

In addition, in a recent study by our group on patients of the same
cohort, dose-volume relationships for duodenum and stomach were
refined, showing that the rate of toxicities could be further reduced if
strictly applying newer constraints, as reported in Broggi et al [23].

Considering the outcome, the median PFS reported in our trial (11.9
months) is in line with both LAPO7 (9.9 months) and SCALOP trial (12
months). Likewise, median LPFS and DPFS were 16 months and 14
months, respectively in our study, 14.6 months and 14.3 in the SCALOP
trial, respectively. One-year local control of 71 % in our study seems to
be in line with the pooled percentage of 1-year local control of 72.3 %
(95 % confidence interval 58.5 %-79 %) provided by a systematic review
and pooled analysis of 19 trial of SBRT [24]. A third study can be
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Local Progression Free Survival (LPFS)
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Fig. 2. Outcome data for patients who had local progression after induction chemotherapy (dashed line) versus patients without local progression (continuous line).
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Fig. 3. Overall Survival (OS) depending on the first site of failure after RCT: only local failure (Group 0, continuous black line), only distant failure (Group (1),

dashed black line), local and distant failure (Group 3, dashed grey line).
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included for comparison: the CONKO-007 phase III trial, so far published
only in abstract form. Also in this trial patients without progression after
3 months of gemcitabine or folfirinox were randomized to either
continuing CHT for another 3 months or receiving 50.4 Gy in 28 frs
concomitant to GMC. Main endpoint was RO resection rate. The addition
of RCT did not improved RO resection rate. One- and 2-years PFS were
56.3 and 24.1, respectively, in RCT arm. These figures are better than
ours: 1-and 2-years PFS were 49.4 % (SD = 0.3), and 8.1 % (SD = 0.2),
respectively; however only 4 % of our patients were resected against 25
% of RO resections in CONKO-007 [25] and 12.1 % provided by a recent
systematic review on total neoadjuvant therapy [26]. Median OS was
19.5 months in our series (20.6 months in patients without local pro-
gression after induction chemotherapy), as opposed to 15.2 months in
both LAPO7 and SCALOP trials. One and two year survival were 85.2 %
and 36 % in our study, 71.1 and 34.8, respectively in RCT arm of
CONKO-007 trial [25].

Patients who had local progression after induction CHT had signifi-
cantly worse outcome (Fig. 2) but still in line with LAP07 and SCALOP
trials. Consequently, also these patients seem to be suitable for RCT.

Only 10 % of patients in the present series died with only local
progression, however patients who had only local progression as first
site of progression after induction CHT and RCT lived significantly
longer than patients who had distant or local + distant progression
(Fig. 3). This could simply be expression of a less aggressive disease but
also the potential effect of local control on OS.

The more obvious way for improving local control is increasing the
radiation dose. In this study patients who received a dose > 48 Gy had a
not significant (probably due to the small numbers) 12 % reduction of
local (+distant) progression compared to patients treated with 44.25 Gy
but had an unacceptable mucosal lesions rate (15 %). Accordingly, a
dose > 48 Gy is not recommended when delivered with the technique
used in the present study.

Delivery of higher radiation dose is feasible when using more
advanced techniques; at MD Anderson median OS of 47 patients who
received BED1g > 70 Gy was 17.8 months vs 15.0 months of 153 patients
treated with BED;o < 70 Gy (p = 0.03), advantage preserved at 2 and 3
years [27]. At MSKCC Reyngold et al. prescribed 98 Gy BED in 15 or 25
fractions depending on the distance between the tumor and stomach/
bowel (>or< 1 cm, respectively) for 119 patients. Median survival was
promisingly high: 26.8 months. Most patients (86 %) received FOL-
FIRINOX or GMC/nab-paclitaxel as induction CHT [28]. Of note, the
pooled median OS was 24.2 months in a meta-analyses of 11 studies
using FOLFIRINOX as induction therapy for LAPC [29] so that it is
difficult to ascertain the respective impact on survival of high dose ra-
diation and multiagent induction CHT in the MSKCC study.

Despite these promising outcome data the best therapeutic window is
not well established. Zhu et al performed a prospective analysis of
different regimens of SBRT and CHT on 419 patients: delivery of BED1g
> 60 Gy was related with improved PFS and OS [30]. A meta-analysis on
the effect of dose escalation in SBRT concluded that there was not sig-
nificant difference in local control rates at 1 year between BED;o < 70vs
> 70 [31]. In a systematic review Brunner et al concluded that
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increasing SBRT dose beyond 75 Gy BED did neither prolong survival
nor was safe [32].

Ongoing studies comparing higher vs standard RT dose such as
SCALOP-2 [33] and MAIBE [34] trials could establish the impact of dose
escalation on local control and OS.

The search for imaging (and/or biological) biomarkers able to select
patients that could benefit more from dose escalation seem to be a
reasonable priority for LAPC; in a previous study from our group, a
simple two-features PET radiomic score was able to stratify patients
according to their risk of early metastases [35]. This score is now under
external validation and could be a powerful tool in avoiding to deliver
more locally aggressive treatment in those patients with high risk of
early metastases.

Conclusions

The present schedule of hypofractionated RT after induction
chemotherapy is feasible with acceptable acute and late toxicity rate.
Outcome data are in line with those achievable with standard doses and
fractionation. This suggest that, this schedule may be preferred to other
BED-equivalent schedules in the clinical practice, aimed at shortening
treatment burden.
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