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Abstract

Introduction: Pancreatic cancer has one of the worst prognoses of all cancers. Patients with locally advanced pancreatic cancer have a
12.7-20.2 per cent chance of receiving curative surgery after induction systemic chemotherapy. Intratumoral injection therapies have
been studied as complementary treatment options for improved local tumour control. The aim of this systematic review was to
provide an overview of intratumoral injection therapies, their safety, and oncological outcome in patients with locally advanced
pancreatic cancer.

Methods: A literature search was conducted in PubMed, Embase and the Cochrane Library for articles written in English up to
28 November 2022. All study designs involving at least five patients with locally advanced pancreatic cancer who were treated with
an intratumoral injection therapy were included. Critical appraisal of the included studies was performed using the Newcastle-
Ottawa scale.

Results: After evaluation of the 1680 articles yielded by the systematic search, 52 studies treating 1843 patients were included. Included
intratumoral injection treatment modalities comprised iodine-125 (**°I) seed brachytherapy (32 studies, 1283 patients), phosphorus-32
(3?P) microbrachytherapy (5 studies, 133 patients), palladium-103 (*°*Pd) seed brachytherapy (2 studies, 26 patients), immunotherapy (9
studies, 330 patients), and chemotherapy (4 studies, 71 patients). Overall survival ranged between 7.0 and 16.0 months for **°I, 5.2 and
15.5 months for *?P, 6.9 and 10.0 months for '°*Pd, 5.8 and 13.8 months for immunotherapy, and 9.0 and 16.2 months for chemotherapy.
Severe complication (greater than or equal to grade Il complications using Clavien-Dindo classification) rates were 6.2 per cent for **°I,
49.2 per cent for 3?P, 15 per cent for *°Pd, 57.9 per cent for immunotherapy, and 0 per cent for chemotherapy.

Conclusion: Five intratumoral injection therapies are described and an overview is reported. Some intratumoral injection therapies for
patients with locally advanced pancreatic cancer seem safe, although 3*P microbrachytherapy and immunotherapy require additional
evidence. Currently available data are insufficient to provide firm conclusions regarding the added value to survival. The potential
advantage of intratumoral injection therapies complementary to conventional care should be studied in well designed RCTs.

Introduction or common hepatic artery or definite occlusion of the superior
mesenteric vein or portal vein make pancreatic cancer
unresectable’.

The current therapy of choice for LAPC is induction/palliative
chemotherapy with FOLFIRINOX (a combination of 5-fluorouracil,
irinotecan, leucovorin, and oxaliplatin) or gemcitabine with
nab-paclitaxel, and response evaluation after 8 weeks®. During

re-evaluation, if metastases remain absent and no tumour

Pancreatic cancer is diagnosed in over 440000 people worldwide
every year and the incidence has increased by 55 per cent over the
past 25 years®. The mortality is similar to the incidence due to the
poor prognosis of this malignancy. With a 1-year overall survival
(0S) of just 20 per cent and 5-year survival of 9 per cent,
pancreatic cancer is one of the most aggressive forms of all
common cancers?. When untreated, 5-year survival decreases to 3

per cent®. Resection can be performed in just 20 per cent of all
patients and is the only potentially curative treatment option. At
the time of diagnosis, around 50 per cent of all patients with
pancreatic cancer are affected by distant metastases and the
remaining 30 per cent have locally advanced pancreatic cancer
(LAPC), making resection futile*>. The most commonly used
criteria for LAPC are those from the National Comprehensive
Cancer Network (NCCN) guidelines, defining LAPC as greater
than 180° arterial encasement or unreconstructible venous
involvement without evidence of distant metastases®. Commonly,
tumour involvement in the superior mesenteric artery, celiac axis,

progression is observed, approximately 28.0-31.3 per cent become
eligible for exploration surgery, 12.6-20.2 per cent receive surgical
resection, and 15.9-18.1 per cent have an RO (greater than 1mm)
outcome®™. Of the 79.8-87.3 per cent of patients that do not
receive surgical resection, approximately 25.0 per cent have local
tumour progression without metastatic disease and may benefit
from local therapies®°. Gemcitabine has been the recommended
induction therapy for LAPC for over a decade and is still used in
patients with a WHO performance score of 2 and higher®. OS for
LAPC is approximately 14.8-24.2 months for FOLFIRINOX
chemotherapy'**? and 9.0-16.0 months for gemcitabine-based

Received: September 19, 2022. Revised: March 03, 2023. Accepted: April 05, 2023

© The Author(s) 2023. Published by Oxford University Press on behalf of BJS Society Ltd.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0002-4257-5254
mailto:Ysbrand.Willink@radboudumc.nl
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/bjsopen/zrad052

2 | BJSOpen, 2023, Vol. 7, No. 3

chemotherapy®'®, however, most patients also undergo
radiotherapy, ablation therapies, second-line chemotherapy, or
resection before, during, or after the first-line chemotherapy
treatment. For patients with severe co-morbidities these extensive
combination treatments are often considered impossible**. Some
studies suggest that almost half of elderly patients (greater than
65 years) with no metastatic pancreatic cancer do not undergo
chemotherapy or surgery, possibly due to co-morbidities™.

For patients with stable unresectable disease after
chemotherapy, local ablation is occasionally applied in clinical
trials aiming to control local progression and to prolong
survival'®"’. Although ablation is considered feasible, it is also
associated with substantial morbidity and mortality’®. The
effectiveness of additional local ablation is disputable because
of the paucity of high-level evidence. Overall, small
non-comparing case studies, hampered by selection bias, show
a wide variation in OS from 5.0 up to 25.6 months'®. Although
some survival outcomes after ablation seem promising, the
clinical demand for a minimally invasive therapy to improve
local tumour control is still unmet.

Optimally, a local therapy for pancreatic cancer is minimally
invasive, offers accurate treatment delivery with complete
tumour coverage, spares healthy surrounding tissue, and has
accurate therapy prediction and control. To meet these
demands, over the past decades, novel intratumoral injection
therapies for pancreatic cancer have been studied worldwide.
Advancements in therapy control, advanced image acquisition
and processing, personalized treatment planning and
immunological pathways have changed the perspective to
achieve optimal local tumour control. With less invasive
therapies, hospital stay and healthcare costs may decrease’®
Safe treatment delivery reduces complication rates and benefits
the quality of life. The aim of this systematic review was to
provide an overview of intratumoral injection therapies, their
safety, and oncological outcome in patients with LAPC.

Methods

This systematic review was conducted and reported conforming
to PRISMA guidelines®. The methodology and inclusion/
exclusion criteria were defined in advance by a Biomedical
Information Specialist and the authors. This study was
registered on PROSPERO, the international prospective register
of systematic reviews (registration ID: CRD42020212862).

Search strategy

A literature search was conducted in PubMed, Embase, and the
Cochrane Library for articles written in English from dates of
inception up to 28 November 2022. The literature search was
performed using medical domains combined by ‘AND’ between
domains and within the domain by ‘OR’. The first domain
contained terms regarding pancreatic cancer, the second
regarding intratumoral therapy, and the third regarding LAPC.
Search terms were restricted to Medical Subject Headings, title,
abstract, and keywords. Study selection and organization were
performed using EndNote X9.2. The complete search strategy for
each library is presented in Appendix S1. After a first scan to
remove duplicate publications, the titles and abstracts were
scanned for inclusion and exclusion criteria. Publications
limited to an abstract were not excluded if the information was
adequate, as described below. If multiple studies contained the
same patient cohort, only the latest published article was

included. If there was uncertainty regarding inclusion, a second
author was consulted.

Definitions

LAPC was defined as an irresectable tumour due to vascular
involvement without distant metastasis. Patients with vascular
involvement resected at diagnosis or at any time during
follow-up (for example after induction chemotherapy) were not
considered. A more detailed definition of LAPC (for example type
and extent of vascular involvement)?® could not be applied due
to the time span and heterogeneity of the included studies.

Intratumoral injection therapy was defined as the injection of an
active substance in the pancreatic tumour mass with the intention
to treat or control the primary pancreatic cancer. Angiographically
delivered therapy, infusion therapy, stenting, ablation, or
post-resection treatments were not defined as intratumoral
injection therapy. Studies performing non-resection surgical
procedures, including cholangiojejunostomy, gastrojejunostomy,
biliary/gastric bypass, and stent placement, were included if
performed complementary or secondary to intratumoral injection
therapy.

Study selection

Studies were included if they treated human patients suffering
from LAPC with a single intratumoral injection therapy and
presented outcomes regarding survival and/or safety. Articles
had to be published in a registered journal defined by the
SCImago Journal & Country Rank?’. Studies were excluded if
one or more of the following criteria was met: reviews,
non-English articles, animal studies, case studies (or less than
five patients in a single treatment population), minority LAPC in
a treatment population, and resection immediately after
intratumoral injection therapy.

Quality assessment

All studies passing the full-text assessment were critically
appraised according to the Newcastle-Ottawa scale (NOS) for
assessing the quality of non-randomized studies. The NOS is a
validated scoring system with appraisals for case-control and
cohort studies. RCTs were assessed using the cohort evaluation.
A total of nine points could be appraised per study; four by
selection, two by comparability, and the last three by either
exposure or outcome of interest for case-control and cohort
studies respectively. The complete scoring criteria are presented
in Appendix S2. Studies with five stars or more were considered
of good quality. Studies with less than five stars were not
excluded.

Data extraction

Data on intratumoral injection therapy, dose, approach, cancer
stage, metastases, combination therapies, median OS, and
complications by the Clavien-Dindo classification®* were
extracted when available”®. Furthermore, study characteristics,
such as design, country, population characteristics, and sample
size, were extracted from the included studies. Data extraction
and organization were performed using Microsoft® Excel® for
Microsoft 365.

Statistical analysis

Most outcomes were descriptive and, due to the heterogeneity of
the included studies, no meta-analysis or statistical analysis
was performed.
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Results

Starting with 1680 articles, after title and abstract screening for
duplicates and exclusion criteria, 1600 studies were excluded.
Eighty studies entered full-text assessment. Of these, 28 studies
were excluded because of small sample size (12) and/or
intervention not meeting the inclusion criteria (16). Some 52 clinical
studies with 1843 patients were included for quality assessment.
The complete results of the quality assessment are reported in
Appendix S3. A detailed selection flow chartis shown in Fig. 1.

The included studies comprised five different intratumoral
injection treatment modalities: iodine-125 (**°I) seed
brachytherapy (32 studies, 1283 patients), phosphorus-32 (*°P)
microbrachytherapy (5 studies, 133 patients), palladium-103
(*°Pd) seed brachytherapy (2 studies, 26 patients),
immunotherapy (9 studies, 330 patients), and chemotherapy (4
studies, 71 patients). Most of the included studies had the
following inclusion criteria in common: age greater than or
equal to 18 years, adequate performance status (WHO/Eastern
Cooperative Oncology Group (ECOG), Karnofsky), and an
adequate hepatic, haematological, immune, and/or renal
function. Gemcitabine-based chemotherapy was the most
frequently used form of induction/palliative chemotherapy. One
study combined intratumoral injection therapy with
FOLFIRINOX chemotherapy?®. All results are presented per
modality and an overview of all intratumoral injection therapies
is presented in Table 1.

Iodine-125 seed brachytherapy

An overview of the results of intratumoral injection
brachytherapy is presented in Table 2. Of the 32 studies applying
125 brachytherapy in 1283 patients suffering from pancreatic
adenocarcinoma, 15 had a retrospective design®>~°, 16 had an

1251

40-55 1251
’

open-label prospective design and one compared
combined with chemotherapy versus chemotherapy alone in an
RCT*®. An overview of the characteristics of all applied
radioactive isotopes is presented in Appendix S4.

In 27 studies reporting metastases, 212 of 1026 patients (20.7
per cent) had or developed stage IV pancreatic cancer. The
included studies utilized *°I seeds with a length of 4.4 to
46mm with a diameter of less than 1 mm®**’. Each patient
received between 10 and 150 seeds in one or multiple operations
depending on tumour volume, characteristics, and response.
The median tumour dose ranged from 52 Gy> to 167 Gy>°, with
most of the studies ranging between 100 and 150 Gy. For the
application method, 14 studies (542 patients) implanted the
seeds intraoperatively in an open approach using X-ray, CT, or
ultrasonography guidance27,28,30,34736,38,40,44,46,48,50,51,54. Twelve
studies (401 patients) used percutaneous implantation guided by
ultrasonography or CT?2631:323943,4549,5253,55,56 gince 2006, four
studies (179 patients) implemented endoscopic ultrasonography
(EUS) to deliver the radioactive seeds to the tumour with a
transgastric or transduodenal injection®” 1>/ In 28 studies with
1132 patients, 538 patients (47.5 per cent), 161 patients (14.2 per
cent), and 137 patients (12.1 per cent) received chemotherapy,
chemoradiotherapy, or radiotherapy respectively.

Out of 600 patients in 15 studies reporting complications, 37 (6.2
per cent) suffered from greater than or equal to grade III
complications (using Clavien-Dindo classification). Three studies
reported postprocedural mortality®**#*. Four deaths were caused
by abscesses or anastomotic leakage®, three were caused by a
pulmonary embolism®*, two were caused by duodenal ulcers®,
and one cause was not reported**, The most common complications
reported were gastrointestinal haemorrhages®*%4%>*  pancreatic
fistula®*3>4+54 leucocytopenia®’, and different intra-abdominal
infections like pancreatitis and cholangitis®28424748:54 " The

Fig. 1 PRISMA flow chart of the study selection
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Table 1 Results of all intratumoral injection therapies for locally advanced pancreatic cancer

Intratumoral  No.of No.of Metastasis Chemotherapy Chemoradiotherapy Radiotherapy Overall Complications  OS range

injection studies patients complications, n >grade III (months)

therapy

Iodine-125 32 1283 212 of 1026 538 (47.5) 161 (14.2) 137 (12.1) 324in 771 37 (6.2) 7-16
(20.6)

Phosphorus-32 5 133 19 of 133 53 (39.8) 65 (48.9) 0 1122 in 89 61(49.2) 5.2-15.5
(14.3)

Palladium-103 2 26 10f 26 (4) 2(8) 20 (77) 0 61in 26 4 (15) 5-7

Immunotherapy 9 330 147 of 294 72 (21.8) 252 (76.4) 0 316 in 223 33 (57.9) 5.8-13.8
(50.0)

Chemotherapy 4 71 15 of 53 (28) 18 (33) 36 (67) 0 3in41 0(0) 9-16.2

Values are n (%) unless otherwise stated. OS, overall survival.

median OS ranged from 7.0 months**! to 16 months®'. In the RCT,
no significant difference (P> 0.05) was found in adverse events
between '*°I combined with chemotherapy versus chemotherapy
alone®®. However, a statistically significant difference (P <0.05)
was established between the OS of '*°I combined with
chemotherapy (11.84 months) versus chemotherapy alone (10.40
months)°®.

Phosphorus-32 microbrachytherapy

An overview of the results of intratumoral injection 32P
microbrachytherapy is presented in Table 3. All five included
studies (133 patients) using >’P had a prospective design. One
study compared *’P combined with previous 5-fluorouracil and
gemcitabine chemotherapy after injection versus chemotherapy
alone in an RCT>%,

One study included 19 patients (40 per cent) with stage IV
pancreatic cancer’’. The remaining studies had no patients
with metastases (total 14.3 per cent)?**86%61 32p was only
injected percutaneously with CT guidance and achieved a
tumour dose between 1255 and 19 000 Gy*®°?°!. This dose was a
notably higher dose than the dose of 100 Gy achieved by the
more recent microparticle brachytherapy utilizing EUS
application®*°°,

Four studies (124 patients) reported complications. Some 61
patients (49.2 per cent) suffered from greater than or equal to

grade III complications. The most frequently reported
complications  included  haematological  toxicities****°,
gastrointestinal haemorrhage®®®!, fatigue***®, and nausea**%

The median OS of all five studies ranged from 5.2 months®® to
15.5 months after inclusion®*. The RCT by Rosemurgy et al.>®
(2008) was abandoned at a preliminary stage after treating 18 of
40 intended patients with *?P, due to a statistically significant
higher complication rate (P =0.03) and lower survival (P=0.18) in
the #?P group. The authors also found the highest complication
rate, with 75 greater than or equal to grade III complications in
16 of 18 patients (89 per cent)®, followed closely by Ross et al.?*
(2021) with 139 greater than or equal to grade IIl complications in
34 of 42 patients (81 per cent). In contrast, Ross et al.?* (2021) did
find the highest survival of 15.5 months in the intratumoral
injection *?P microbrachytherapy treatment group.

Palladium-103 seed brachytherapy

An overview of the results of °*Pd seed brachytherapy is
presented in Table 4. In 1996, two prospective studies applied
103pd seed brachytherapy in 26 patients®>°3,

From the included 26 patients, one patient suffered stage IV
pancreatic cancer®®. On average, all patients were submitted to

a dose of 110-124.2 Gy after intraoperative implantation. Two
patients also underwent complementary chemotherapy®® and
20 underwent chemoradiotherapy®”®®. Four patients suffered
greater than or equal to grade III complications, including
duodenal perforation, sepsis, cerebral vascular accident, and
radiation enteritis®®. An OS was found of 6.9 months®® and 10
months®.

Immunotherapy

An overview of the results of intratumoral injection
immunotherapy is presented in Table 5. Nine studies applied
immunotherapy to 330 patients within a prospective design®~"?,
of which two were RCTs®’!. The two RCTs compared
chemotherapy alone versus chemotherapy with an oncolytic
virus®”!. The first RCT used TNFerade adenovirus with
5-fluorouracil chemoradiotherapy®” and the other one an H101
adenovirus for p53 activation with gemcitabine’?.

Six studies reported metastases and half of the patients (147)
had metastatic disease®°. Five studies injected adenoviruses
to increase p53 activation®*®>®%7172 Two studies implanted
TNFerade biologic, which enables tumour-specific delivery of TNF-a
by radiation-inducible gene transfer®®®. One study injected
zoledronate-pulsed dendritic cells combined with intravenous
adoptive activated T lymphocytes to induce a CD8+ response®.
Another study injected a double-stranded RNA oligonucleotide,
called STNMO1, to suppress a specific tumour growth factor
(CHST15)"°. In six studies the injection was guided by EUS®*©>6876-72,
in one study the injection was percutaneous®, and two studies used
both methods®*®’. From the 330 patients receiving immunotherapy,
72 patients (21.8 per cent) also underwent chemotherapy®*©>87172
and 252 (76.4 per cent) underwent chemoradiotherapy®®®”°.

Four studies reported complication rates; 9 out of 36 patients (81
per cent) suffered greater than or equal to grade III complications
after p53 adenovirus therapy®>®, four of 15 patients (27 per cent)
suffered greater than or equal to grade III complications after
zoledronate-pulsed dendritic cell injection®®, and zero of 6
patients (0 per cent) suffered greater than or equal to grade III
complications after STNMO1 injection’®. One study reported two
cases of postprocedural mortality. One was caused by progressive
disease and one was caused by a splenic artery thrombosis within
30 days post-intervention®®. The most frequently presented
complications included leucocytopenia® = severe pain®®®’,
fever®6>:67769.71.72, gastrointestinal bleeding®®®’, and
intra-abdominal infection®®®’. The median OS ranged between 5.8
months’ and 13.8 months®. In the first RCT, no significant
difference in greater than or equal to grade II complications (P=
0.08) or OS (P=0.26) was found between the TNFerade adenovirus



Willinketal. | 5
Table 2 Results of intratumoral iodine-125 seed brachytherapy for locally advanced pancreatic cancer
Reference n Metastasis Tumour dose Combination Overall Complications Median® OS NOS
(Gy), median® therapy complications, n >grade III (months); OS 1-9
(range) initiation
Intraoperative
Dobelbower et al., 12 2(17) 140 (120~ CRT 6 (50) 5 NR 15;D 8
1986%° 210)
Goertz et al., 1990”7 11 2 (18) 160 RT 11 (100) 11 1(9) 8 7
Li et al., 20208 50 0(0) (110-160) CHT 26 (52) 4 NR 12 9
Lietal, 2016* 137 NR NR CHT 137 (100.0) 21 0(0.0) 94; T 9
Montﬁmaggi etal., 7 0 (0) 82 (60-100) RT 4 (57) NR 3 (43) 7; T 5
1991
Morrow et al., 1984°* 33 9 (27) NR NR NR 8 (24) 8T 4
Peretz et al., 1989°° 98 0 (0) 136 CHT 27 (28), RT 27 9 NR 7 4
(28)
Schugécht etal, 42 0 (0) (120-150) CRT 42 (100) 24 NR 12.8 8
1991
Shipley et al., 1980%* 12 6 (50) 160 RT 12 (100) 5 NR 11 6
Syed et al., 1983* 18 1(6) (100-150) RT 18 (100) NR 4(22) 14 7
Wang et al., 2013°° 28 0 (0) 120 CHT 10 (36), RT 7 NR NR 10.1 4
(25)
Wang et al., 2011°" 27 15 (56) (110-160)  CRT6(22),RT 1 (4) NR NR 8 4
Whittington et al., 33 0(0) 120 CRT 20 (61), RT 13 37 NR 9;D 8
198478 (39)
Zheng et al., 2017°* 34 0(0) NR CHT 8 (24) 6 NR 11, T 7
Total intraoperative 542 70 of 405 NA CHT 208 (40.8), 122 of 429 16 of 206 (7.8) NA NA
(17.3) CRT 74 (14.5), RT
93 (18.3)
Percutaneous
Chen et al., 2021°° 22 4 (18) 130 CHT 22 (100) 22 NR 11.7; T 9
Chi et al., 2021°° 21 0(0) 130 CHT 21 (100) 24 0(0) 13.2; T 4
Joyce et al., 1990*® 19 NR 160 RT 12 (63) 22 NR 81T 8
Liu et al., 2014%* 30 0(0) NR NR 6 NR 16 8
Lun et al., 2015°° 38 NR NR CHT 38 (100) NR NR 11.8 41
Luo et al., 2019 35 NR NR CHT 35 (100) NR NR 9.5 7
Niu et al., 2016 60 0 (0) 115 (110- NR NR 0(0) 10.4 6
130)
Wang et al., 2021*° 28 NR NR NR 2 0(0) 11.6 5
Wang et al., 2017°? 32 25 (78) 120 CHT 16 (50) NR 0(0) 14 6
Yang et al., 2016°° 18 0 (0) 167 (164~  CHT 18 (100), RT 1 10 3 (17) 73;T 5
170) (6)
Zhongmin et al., 31 12 (39) 52 CHT 10 (32) NR NR 10.3; T 7
2010°°
Zhou et al., 2021%° 67 0 (0) NR CHT 6 (9) 20 0(0) 11; T 8
Total percutaneous 401 41 of 281 NA CHT 166 (58.7), RT 106 of 205 3 of 226 (1.3) NA NA
(14.6) 13 (4.6)
EUS
Du et al., 2013*" 100 40 (40.0) 140 (120- CHT 100 (100.0) 52 0(0.0) 7;T 8
210)
Jin et al., 2008*? 22 8 (36) NR CHT 22 (100) 13 NR 9 6
Sun et al., 2006* 15 7 (47) 140 RT 1 (7) 31 4(27) 10.6; T 8
Sun et al., 2017% 42 24 (57) 95 CHT 42 (100) NR 0(0) 9T 2
Total EUS 179 790f 179 NA CHT 164 (91.6), RT 96 of 137 4 0f 157 (2.5) NA NA
(44.1) 1(0.6)
Other
Lietal., 2020%° 50 22 (44) NR CRT 6 (12) 17 0(0) 8.8 8
Mohiuddin et al., 111 0(0.0) NR CRT 81 (73.0), RT NR NR 11.4 3
1994 30 (27.0)
Total (intraoperative, 1283 212 of 1026 NA CHT 538 (47.5), 324 of 771 37 out of 600 NA NA
percutaneous, EUS, (20.7) CRT 161 (14.2), RT (6.2)

and other)

137 (12.1)

Values are n (%) unless otherwise stated. *If the median was unavailable the mean is presented. tRCT. OS, overall survival; NOS, Newcastle-Ottawa scale; CRT,
chemoradiotherapy; NR, not reported; D, diagnosis; RT, radiotherapy; CHT, chemotherapy; T, treatment; NA, not applicable; EUS, endoscopic ultrasonography.

injection combined with 5-fluorouracil chemoradiotherapy
(greater than or equal to grade II complications 75.9 per cent,
OS 10 months) and the chemoradiotherapy alone (greater
than or equal to grade II complications 65.6 per cent, OS 10
months)®’. The RCT applying H101 adenovirus for p53
activation did not report complications; this RCT found a
significant difference (P=0.004) in OS between the H101

adenovirus injection combined with gemcitabine (9 months)
versus gemcitabine alone (6 months)’*.

Intratumoral chemotherapy

An overview of the results of intratumoral injection
chemotherapy is presented in Table 6. Four prospective studies
performed intratumoral chemotherapy in 71 patients’>”°. One
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Table 3 Results of intratumoral phosphorus-32 microbrachytherapy for locally advanced pancreatic cancer

Reference Metastasis Type of 2P Tumour dose Combination Overall Complications Median* NOS
therapy (Gy), median* therapy complications,n  >grade III survival 1-9
(range) (months); OS
initiation
Percutaneous
Orderetal, 47 19 (40) MAA and colloidal ~ (9000-17 000) CRT 47 (100) 27 10 (53) 9.9, T 8
1996°° chromic *?p
Rosemurgy 18 0 (0) Colloidal chromic *?P 1255 CRT 18 (100) NR 16 (89) 5.2 8t
et al., 2008°%
Westlin et al., 17 0 (0) MAAandcolloidal ~ 5000 (1390-  CHT 2 (12) NR 1(6) 7.6, T 6
1997°? chromic *?p 19000)
Total 82 190f82 MAA and/or colloidal NA CHT 2 (2), CRT 27 of 47 27 of 82 (33) NA NA
percutaneous (23) chromic 32P 65 (79)
EUS
Bhutgoni etal, 0 (0) Microparticle 100 CHT 9 (100) NR 24 (NR)F NR 4
2019
RossQe4t al, 42 0 (0) Microparticle 100 CHT 42 (100) 1095 34 (81) 15.5; Inc 5
2021
Total EUS 51 00f51(0) Microparticle NA CHT 51 (100) 1095 0f42 34 of 42 (81) NA NA
Total 133 190f 133 MAA and/or colloidal NA CHT 53 (39.8), 1122089  610f124(49.2) NA NA
(14.3) chromic 32P CRT 65 (48.9)

or Microparticle

Values are n (%) unless otherwise stated. If the median was unavailable the mean is presented. tRCT. $n =number of complications. OS, overall survival; NOS,
Newcastle-Ottawa scale; MAA, macroaggregated albumin; CRT, chemoradiotherapy; T, treatment; NR, not reported; CHT, chemotherapy; NA, not applicable; EUS,
endoscopic ultrasonography; Inc, inclusion.

Table 4 Results of intratumoral palladium-103 seed brachytherapy for locally advanced pancreatic cancer

Reference n  Metastasis Median* Combination Overall Complications Median* survival NOS
tumour dose therapy complications, n >grade III (months); OS 1-9
(Gy) initiation
Nori et al., 15 0 (0) 110 CRT 15 (100) NR 0 (0) 10; T 5
1996%
Rabenetal, 11 1(9) 124.4 CHT 2 (18), CRT 6 4 (36) 6.9 7
1996°° 5 (45)
Total 26  1of26 (4) NA CHT 2 (8), CRT 6 of 26 4 of 26 (15) NA NA
20 (77)

Values are n (%) unless otherwise stated. *If the median was unavailable the mean is presented. OS, overall survival; NOS, Newcastle-Ottawa scale; CRT,
chemoradiotherapy; NR, not reported; T, treatment; CHT, chemotherapy; NA, not applicable.

Table 5 Results of intratumoral immunotherapy for locally advanced pancreatic cancer

Reference n Metastasis Type of Imaging Combination Overall Complications Median* NOS
immunotherapy therapy = complications, >grade III survival 1-9
n (months);
0os
initiation

p53 activation
pathway
Gong&ft al., 9 NR H101 adenovirus EUS (100) CHT 9 (100) NR NR 7 7
2011
Xiaoetal.,2011’" 19 NR H101 adenovirus EUS (100) CHT 19 (100) NR NR 9 6t
Yun\éfzei etal., 8 NR H101 adenovirus EUS (100) CHT 8 (100) NR NR 6 3
2010
Hecht et al., 21 12 (57) ONYX-015 EUS (100) CHT 21 (100) NR 21 (100) 75T 4
2003%° adenovirus
Lietal, 2011%° 15  8(53) p53 adenovirus Percutaneous CRT 15 (100) 64 8 (53) 13.8 7

ultrasonography (100)

Total p53 72 200f 36 NA EUS (79), CHT 57 (79),  640f 15 29 of 36 (81) NA  NA
activation (56) Percutaneous CRT 15 (21)
pathway ultrasonography (21)

Tumour necrosis
factor-a
pathway
Hecht et al., 50 0(0)  TNFerade biologic EUS (54), CRT 50 (100) NR 65 (NR)+ 99;Inc 8
2012% percutaneous (46)

(continued)
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Table 5 (continued)

Reference n Metastasis Type of Imaging Combination Overall Complications Median* NOS
immunotherapy therapy complications,  >grade III survival 1-9
n (months);
0os
initiation
Hermanetal, 187 132 (70.6) TNFerade biologic EUS CRT 187 219 116 (NR)F 10; R 8t
2013%7 (50.8), Percutaneous, (100.0)
ultrasonography/CT
(49.2)
Total tumour 237 132 of 237 NA EUS (51.5), CRT 237 219 of 187 NR NA NA
necrosis (55.7) percutaneous (100.0)
factor-a ultrasonography/CT
pathway (48.5)
Other immunotherapy
Hirooka et al., 15 0(0) Zoledronate-pulsed EUS CHT 15 (100) 33 4 (27) 11.5 8
2018°%® dendritic cells
Nishimuraetal, 6 5 (83) STNMO1 EUS None 0 0 (0) 5.8 5
20187° oligonucleotide
Total 330 147 of 294 NA NA CHT 72 316 of 223 33 0of 57 (57.9) NA NA
(50.0) (21.8), CRT
252 (76.4)

Values are n (%) unless otherwise stated. *If the median was unavailable the mean is presented. tRCT. tn =number of complications. OS, overall survival; NOS,
Newcastle-Ottawa scale; NR, not reported; EUS, endoscopic ultrasonography; CHT, chemotherapy; T, treatment; CRT, chemoradiotherapy; NA, not applicable; Inc,

Inclusion; R, randomization.

Table 6 Results of intratumoral chemotherapy for locally advanced pancreatic cancer

Reference n Metastasis Type of Intratumoral CHT dose Combination Overall Complications ~ Median* NOS
intratumoral  (mg), median® (range) therapy complications, >grade III survival 1-9
CHT n (months);
(o}
initiation
Levyetal, 20117 36 11 (30) Gemcitabine 90 (28-280) CRT 36 (100) 0 0 (0) 9.3, T 5
Lietal, 2016’* 18 NR 5-Fluorouracil (800-1500) CHT 18 (100) NR NR 10.3 7t
capsule
Mohamadnejad 12 0 (0) Gemcitabine 168 (80-200) CHT (NR), NR 0 (0) 9 8
etal., 2015”° CRT (NR)
Yangetal., 20177 5 4 (80) Gemcitabine (400-600) NR 3 0 (0) 16.2 7
Cisplatin (11.25-22.5)
Total 71 150f53 NA NA CHT 18 (33), 3of 41 0 of 53 (0) NA NA
(28) CRT 36 (67)

Values are n (%) unless otherwise stated. *If the median was unavailable the mean is presented. tRCT. CHT, chemotherapy; OS, overall survival; NOS, Newcastle-
Ottawa scale; CRT, chemoradiotherapy; T, treatment; NR, not reported; NA, not applicable.

RCT studied a chemotherapy capsule implant (5-fluorouracil)
combined with systemic chemotherapy of gemcitabine versus
systemic gemcitabine alone’*.

Three studies reported patients with metastases (15 of 53
patients (28 per cent))’®’>’¢, Gemcitabine injection was guided
by EUS’7°. One study analysed the intratumoral distribution of
percutaneous injection by injecting 1-2 ml of radiopaque agent
before injecting gemcitabine and cisplatin with fibrin glue’®.
Capsules incorporating 5-fluorouracil were implanted
intraoperatively followed by fibrin gel to prevent pancreatic
fistula’*. Two studies, including 54 patients, reported 18 patients
(33 per cent) with combined systemic chemotherapy and 36 (67
per cent) with chemoradiotherapy’*”*.

Three studies reported no occurrence of greater than or equal
to grade III complications’®”>’¢. OS ranged from 9 months’ to
16.2 months’®. The RCT did not report complication rates and
no significant difference (P=0.07) was found in the survival
between treatment with implanted 5-fluorouracil capsules
combined with systemic gemcitabine (10.3 months) versus
systemic gemcitabine alone (8.1 months)”*.

Discussion

This systematic review reveals data on five types of intratumoral
injection therapy with widely heterogeneous safety and survival
outcomes in patients with LAPC.

1251 brachytherapy, intratumoral chemotherapy, and °°Pd
brachytherapy are associated with low rates of greater than or
equal to grade III complications in the current literature review.
In contrast, the complication rates of *?P brachytherapy and
intratumoral immunotherapy were at least three-fold higher.
Within the *’P and immunotherapy intervention groups, less
complications seemed to be related to the injection procedure
and more to the injected agents®*®%616%6869 A common
procedure-related complication was bacterial infection from the
gastrointestinal tract into the pancreas, which was easily treated
with antibiotics®®. For immunotherapy, the method of injection
(EUS or percutaneous) did not seem to influence complication
rates®>®. An explanation for the high severe complication rate
after immunotherapy is the triggered autoimmune response.
After immunotherapy, intra-abdominal infection®®  and
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fever®©>67-697172 were often observed. These are clear signs of

an autoimmune response’’. Current research into upcoming
immunotherapies also attempts to identify and control these side
effects’®. The high complication rate after *?P microbrachy-
therapy is possibly due to a radiation overdose and therapy
diffusion into healthy tissues®®. Rosemurgy et al.>® (2008) reported
therapy diffusion of *’P into nearby tissues and found a high
complication rate (89 per cent), whereas Westlin et al.®* (1997) did
not report therapy diffusion and found a much lower
complication rate (6 per cent) with an exceptionally higher
median tumour dose (1227 versus 11050 Gy respectively). Ross
et al.?* (2021) also found a high complication rate (81 per cent)
after a median tumour dose of only 100 Gy (20 per cent);
however, they also claimed that only 8 of 139 (5.8 per cent) severe
complications were 3?P or procedure related, and reported that
almost no therapy diffusion occurred outside the tumour. These
heterogeneous results might suggest that, with therapy
deposition central within the tumour, possibly with image
guidance for improved treatment control and clear safety
margins, microbrachytherapy could still prove to be a safe
treatment method for LAPC.

The rate of severe complications after '?°I brachytherapy,
intratumoral chemotherapy, and '°°Pd brachytherapy was
below the complication rate of the most common ablative
treatment for LAPC (radiofrequency ablation (RFA)). Rombouts
et al.’® (2015) published a systematic review concerning ablative
treatment methods for LAPC. In the RFA group an overall
complication rate of 24.2 per cent was found, with a 13.6 per
cent RFA-procedure-related complication rate’.

LAPC patients undergoing intratumoral injection therapy are
generally also treated with systemic chemotherapy. Systemic
chemotherapy is associated with side-effects, such as
leucocytopenia and thrombocytopenia?**/>8-60.65.67-69.79 = £yen
after modern chemotherapy regimens, such as FOLFIRINOX,
complication rates range from 19.1-23.2 per cent®® up to 50 per
cent’. Whether complications are related to intratumoral
injection therapy or systemic chemotherapy can be difficult to
identify. Overall, 11 cases of short-term postprocedural
mortality were reported. Three RCTs compared complication
rates of systemic chemotherapy combined with intratumoral
injection therapy versus systemic chemotherapy alone. Two
found no significant difference (***I and TNFerade)*®®” and one
did find a significant difference with disadvantage towards *?P°%.
An RCT with modern chemotherapy regimens, with and without
intratumoral injection therapy, should be the cornerstone to
assess safety in this patient population.

The survival outcomes of the intratumoral injection
modalities varied considerably between 5.0 and 16.2 months.
No single intratumoral injection modality showed consistent
high survival outcomes. Regarding survival outcome, Ross
et al.?* (2021) showed the most promising results with a
median OS of 15.5 months in 42 patients after receiving >?P
microbrachytherapy. Considering the absence of a control
group and, therefore, the high chance of selection bias, the
benefit of ?P is still questionable®*.

With regards to ablative treatment, Rombouts et al.'® (2015)
found an OS of between 5.0 and 25.6 months in the RFA group.
The highest survival of 25.6 months was found when RFA was
combined with several different therapies, including
intra-arterial plus systemic chemotherapy®!. When RFA was
applied as monotherapy, the median survival was 14.7 months.
Still, evident selection bias was present®!. More recent studies
applying RFA for LAPC patients found a survival between 5.0

and 9.0 months with and without a combination of
chemotherapy®”®®. Overall, similar survival results are shown
for most intratumoral therapies in this review.

Whether intratumoral injection therapy contributes to the
survival of patients with LAPC remains questionable with the
currently available literature. Due to the insidious onset and
probable microscopic spread at the time of diagnosis, pancreatic
cancer is essentially a systemic disease and local therapies may
not contribute to survival®®. Even if no metastases are found at
the time of diagnosis, the disease may have already spread to
the pancreatic surroundings. The OS results of the current
review substantiate this theory by showing slightly improved
survival after chemotherapy compared with no chemotherapy
in the '?°I group and similar survival between studies with and
without metastatic disease®’®. The potential clinical benefit of
local tumour therapy in patients with pancreatic cancer is not
limited to survival. Local tumour response and local
progression-free survival can be of great value for patients,
especially when providing pain relief and improving and
prolonging the performance score and quality of life.

The included studies have several limitations. Most studies
were case series and cohort studies with small sample sizes.
Selection bias in several forms hampers the quality of the
studies, such as the type of LAPC classification guideline (NCCN
or AJCC)Y, local diagnostic and treatment protocols, additional
diagnostic research, and prior treatment completion. To take
selection bias into consideration, the NOS was applied.

To present a clear overview, many results had to be filtered or
adjusted to fit certain classifications. Therefore, undetailed data
were often excluded from the analysis.

Combination therapies have been categorized by the type of
therapy (for example chemotherapy, chemoradiotherapy, or
radiotherapy) and not by the technical aspects, start, duration,
dose, and iteration of the cycles. Even though all studies, except
one, used gemcitabine-based chemotherapy, the current
movement towards FOLFIRINOX-based chemotherapy might
have a radical impact on oncological outcomes soon. Metastases
were present at different rates, locations, and quantities within
each study. Additionally, studies were not excluded if
metastatic disease was present or occurred in a minority of the
included patients. A large variation in survival was seen, which
could partly be explained by the moment from which survival
was measured (for example the initial diagnosis, inclusion in the
study, or the intervention); however, this was not consistently
reported. Potential differences in lead time of several months
may have had a great impact on OS differences.

Five intratumoral injection therapies are described and an
overview is reported. Some intratumoral injection therapies for
patients with LAPC seem safe, although ’P microbrachytherapy
and immunotherapy require additional evidence. Currently
available data on all modalities are insufficient to provide firm
conclusions regarding the added value to survival. Clinical benefits
of these procedures are potentially not limited to survival, but
control of local tumour growth could be of great value for patients,
especially when providing pain relief and improving quality of life.
The potential advantage of intratumoral injection therapies
complementary to conventional care should therefore be studied
in well designed RCTs.
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