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Abstract

For peritoneal metastases (PM), there are few curative treatment options, and they are only available for a select patient
group. Recently, new therapies have been developed to deliver intraperitoneal chemotherapy for a prolonged period, suitable
for a larger patient group. These drug delivery systems (DDSs) seem promising in the experimental setting. Many types of
DDSs have been explored in a variety of animal models, using different cytostatics. This review aimed to provide an over-
view of animal studies using DDSs containing cytostatics for the treatment of gastro-intestinal PM and identify the most
promising therapeutic combinations. The review was conducted following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines and Systematic Review Center for Laboratory Animal Experimentation
(SYRCLE) guidelines. The 35 studies included revealed similar results: using a cytostatic-loaded DDS to treat PM resulted
in a higher median survival time (MST) and a lower intraperitoneal tumor load compared to no treatment or treatment with
a ‘free’ cytostatic or an unloaded DDS. In 65% of the studies, the MST was significantly longer and in 24% the tumor load
was significantly lower in the animals treated with cytostatic-loaded DDS. The large variety of experimental setups made it
impossible to identify the most promising DDS-cytostatic combination. In most studies, the risk of bias was unclear due to
poor reporting. Future studies should focus more on improving the clinical relevance of the experiments, standardizing the
experimental study setup, and improving their methodological quality and reporting.
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Introduction

The peritoneal cavity is a common location for metastases
from a large variety of malignancies.

Peritoneal metastases (PM) originate most commonly
from the primary tumors of gastro-intestinal, reproduc-
tive, and genitourinary tracts. Although, they can also
be caused by other malignancies such as breast- or lung
cancer [1]. The incidence of PM from colorectal origin is
estimated to be 10-13% [2, 3]. The incidences of PM from
gastric and pancreatic origin are similar, with estimates up
to 21% and 9-14% respectively [4-7]. However, it is dif-
ficult to detect PM due to their small size and the limited
contrast resolution available with routine imaging, so the
reported incidence of PM is probably an underestimation
[8].

Historically, after being diagnosed with PM, patients
faced a poor prognosis with best supportive care as the
main treatment option [9]. The introduction of systemic
chemotherapy improved their prognosis, but unlike other
metastatic sites, PM tend to have a limited response to
systemic chemotherapy [10, 11]. The search for local and
more effective treatment strategies resulted in the imple-
mentation of cytoreductive surgery (CRS) followed by
hyperthermic intraperitoneal chemotherapy (HIPEC).
Several randomized controlled trials and large cohort
series reported improved median survival rates of 21.6 up
to 41.7 months among patients with colorectal PM treated
with CRS and HIPEC, but the outcome was highly depend-
ent on patient selection [12-14]. Nevertheless, this mul-
timodality treatment continues to be regarded as a viable
treatment option in selected, fit colorectal cancer patients
with limited PM and no systemic metastases. Unfortu-
nately, due to strict contra-indications, only 10-25% of
patients with PM of colorectal origin are eligible for CRS
and HIPEC [15, 16]. For PM of non-colorectal gastro-
intestinal origins such as gastric or pancreatic adenocar-
cinoma, CRS and HIPEC are considered experimental
because of limited available evidence and poor survival
[17, 18]. For those patients not eligible for CRS and
HIPEC, pressurized intraperitoneal aerosol chemotherapy
(PIPAC) is a new palliative treatment option that is con-
sidered safe. Randomized research is needed to confirm its
additional value [19-23].

Despite the fact that these recent achievements have
improved the prognosis of PM patients, treatment fail-
ure often occurs and so the desire for new and improved
therapies remains. In the experimental setting, much effort
has therefore been devoted to developing a novel 'Drug
Delivery System' (DDS). The rationale behind these DDSs
is that a higher intraperitoneal chemotherapy concentra-
tion can be administered for a prolonged period and with
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limited systemic side effects, which would make them via-
ble for a wide variety of patients in different stages of the
disease. Many types of DDS have already been explored in
animal models for PM, e.g. hydrogels, microspheres, nano-
particles, microparticles, and liposomes. These types of
DDSs can carry many different cytostatic agents and have
been applied in a wide variety of animal models for PM.
Such a large diversity of combinations, however, makes
it difficult to determine which combination of DDS and
cytostatic agent yields the most promising result.

This systematic review aims to provide a comprehensive
overview of the current animal studies using a DDS carrying
a cytostatic drug for the treatment of PM of gastro-intestinal
origin. The goal is to identify the most promising combina-
tion of DDS and cytostatic agent in animal models. With
this information, recommendations may be defined to further
improve research in this field.

Methods
Protocol and registration

This systematic review was registered at PROSPERO inter-
national prospective register of systematic reviews [regis-
tration number: CRD42020207678]. It was conducted and
reported in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines and the Systematic Review Center for Labora-
tory Animal Experimentation (SYRCLE) guidelines.

Search strategy

PubMed and Embase were systematically searched on 10
September 2020 and on 14 December 2021. Free-text terms,
MeSH terms, and Emtree’s regarding ‘peritoneal metasta-
ses', ‘drug delivery systems’, and ‘animal’ (the latter by
using PubMed and Embase search filters of SYRCLE) were
used to search both databases. The full search strategy is
available in appendix 1. A professional clinical librarian
(GF) was involved to ensure a correct searching strategy.

Inclusion and exclusion criteria

An article was eligible for inclusion if the following criteria
were met: (1) the study described an in vivo experiment in
which PM of gastro-intestinal origin was induced via intra-
peritoneal inoculation with tumor cells (either syngeneic or
xenograft), (2) induced PM was treated with any type of
an intraperitoneal delivered DDS containing a chemothera-
peutic agent currently used in clinical practice to treat all
types of PM, as summarized by Valle et al. [24], (3) the
experiment was an intervention study with at least two
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groups (intervention and control group), (4) follow-up of
animals after exposure to treatment was at least one week,
(5) reported outcomes of the experiment were survival and/
or reduction in intraperitoneal tumor load after exposure
to therapy. Articles published before the year 2000 were
excluded. Only articles written in the English language were
included. Human trials, in vitro, and ex vivo experiments
were excluded. Conference abstracts and unpublished results
were not considered.

Study selection

All search results were imported in a free web tool designed
for systematic reviewers (Rayyan) [25]. All duplicates were
removed. Studies were screened in two stages. Two research-
ers (AW and NS) independently pre-screened the titles and
abstracts of all articles before assessing the full-texts of
all articles eligible based on the titles and abstracts. The
researchers were blinded to each other’s decision when per-
forming the full-text assessment. Disagreement was resolved
by initial discussion and, if needed, a senior researcher (GS)
was consulted to make a final decision.

Data extraction

Two researchers (AW and NS) extracted the data of all eli-
gible articles separately using a standardized, pre-piloted
datasheet. Data were extracted from text, tables, and/or fig-
ures. Disagreement was resolved by initial discussion and,
if needed, a senior researcher (GS) was consulted to make
a final decision. The following data were extracted: general
study characteristics (first author and publication year), ani-
mal characteristics (species, strain, and sex of the animals),
type of tumor (cell line, number of cells used for inoculation,
number of days between inoculation and start treatment),
intervention (type of DDS, type and dosage of cytostatic,
experiment duration, DDS administration frequency), and
outcomes (tumor load quantified as mean intraperitoneal
tumor weight, tumor volume, number of tumor nodules, or
signal intensity measured by an in-vivo imaging system, and
median survival time).

Study quality assessment

The quality of integrated studies was assessed using the
SYRCLE’s risk of bias tool, an adapted version of the
Cochrane risk of bias tool specifically developed for ani-
mal studies [26]. Selection bias, performance bias, detection
bias, attrition bias, and reporting bias were assessed, again
by two independent researchers (AW and NS).

Synthesis of results

Results of the included studies were descriptively summa-
rized. Median survival times were displayed in tables and
text as reported by the studies' authors. This could either
be defined as a time from inoculation to survival endpoint,
or a time from administration of the treatment to survival
endpoint. The outcomes of the statistical analyses reported
by the authors were used. It was impossible to perform a
meta-analysis due to the large heterogeneity in terms of the
type of DDS, the choice of cytostatic agent, and the type of
tumor cell line.

Results
Identification of relevant studies

After duplicates had been removed, 526 potentially relevant
articles were identified. After the abstracts had been read,
428 articles were excluded because they met the predefined
exclusion criteria. The remaining 98 articles underwent full-
text assessment; 63 papers were yet excluded. A total of 35
articles fulfilled the predefined inclusion criteria. The flow
diagram of the included studies is visualized in Fig. 1.

Characteristics of the included studies

All 35 articles included described experimental studies and
were published between 2000 and 2020. Table 1 describes
the types of DDSs, cytostatics, and outcome parameters per
gastro-intestinal cell line used to induce PM. The study char-
acteristics are displayed in Tables 2, 3, and 4. There is large
heterogeneity in terms of the type of DDS and the choice of
cytostatic, but there are also similarities between the articles
in terms of type of animal model/strain and choice of tumor
cell line. Both the differences and the similarities will be
discussed in the following sections.

Animals and induction of PM

Of the 35 studies, 34 used mice as laboratory animals, the
other using laboratory rats. Most often the BALB/c mouse
was used (29/35). In 24/35 articles only female animals were
used, in 5/35 only males were used, in 1 article both sexes
were used, and 5 made no mention of the animal's sex.

Most studies described experiments using only one tumor
cell line, but two articles described using two types of tumor
cell lines, which are considered here as separate experiments
(37 experiments in 35 articles).

In sixteen experiments, PM was induced using a colorectal
carcinoma cell line, with the syngeneic CT-26 cell line most
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Fig. 1 Flow diagram of
included studies Records identified through
database searching
(n=779)

PubMed (n = 334)
EMBASE (n = 435)

|

Records after duplicates
removed
(n = 526)

\ 4

Y

Articles included in
systematic review
(n=35)

often used (n=13). In one experiment, these cells were trans-
fected with the luciferase gene. Other cell lines used were
HCT-11 and EGFP-C-26. PM was induced via intraperito-
neal injection with cells number varying between 1x 10° and
6x10’. Cells were suspended in growth medium or phosphate-
buffered saline (PBS) before injection. The time between
tumor inoculation and start of therapy (inoculation period)
varied between 1 and 10 days.

In fourteen experiments, PM was induced using a gastric
cancer cell line, with MKN-45P used most often (n==8). The
number of cells for this cell line varied between 1x 10° and
1x 10; the inoculation period was up to 14 days. Other experi-
ments used TMK1, 44As3, OCUM2MD3, H-154, or HSC44
cells, sometimes transfected with the luciferase gene.

In the remaining experiments, five used a cell line derived
from pancreatic carcinoma and two used a liver carcinoma cell
line. For pancreatic cancer, Hs766T was chosen most often
(n=3). The cell number varied between 1x 10° and 20x 10°
cells, whereas the inoculation period for the pancreatic cell
lines was much longer, at 10 to 15 days, compared to the colo-
rectal- and gastric cell lines.

There were two studies that included two cell lines: Tamura
et al. used both gastric- and liver cancer cell lines [27], and
Simoén-Gracia et al. used both colon- and gastric cancer cell
lines [28]. These are considered here as separate studies.

@ Springer
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(n=526) q (n=428)
Reasons for exclusion:
n = 19 Not a gastro-intestinal cell line

v n=8 Published before 2000
n=7 NotaDDS
Full-text articles assessed n=6 Wrong outcome measure
for eligibility » Recor(t:]s_e;;:)luded »(n =6 Not a peritoneal metastases model

(n=98) & n=4 Full-text not available
n=4 DDS not administered i.p.
n=3
n=3
n

Foreign language
Wrong cytostatic
=3 Wrong publication type

DDSs

The choice of DDS varied between studies. Most often,
a variant of a (thermo-responsive) hydrogel system was
used (n=14), sometimes combined with nanoparticles, red
blood cell membrane nanoparticles, micelles, or micro-
spheres. Other DDSs used were microspheres (n=6),
nanoparticles (n=4), polymersomes (n=3), microparti-
cles (n=2), micelles (n=2), drug eluting beads (n=2),
liposomes (n=1), and carrier erythrocytes (n=1). Tsai
et al. compared the effectiveness of three DDSs: micelles,
nanoparticles, and microparticles [29]. Emoto et al. com-
bined micelles and nanoparticles in one formulation [30].
Figure 2 displays all included DDSs.

(A) Hydrogels are polymer networks entrapping a sol-
vent medium, water. Drugs are dissolved in the aqueous
medium or are retained in the polymer network, depend-
ing on the interaction on the polymer-drug interactions.
Usually, hydrogels are used as macroscopic drug depots.
Hydrogel granules or beads are micrometer-sized hydrat-
ing polymer particles and may be considered hybrid
hydrogel-microparticle. (B) Polymer particles are termed
micro- or nanoparticles depending on their size or are
termed spheres as a result of their shape. Retention of
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Table 1 Overview of type of DDSs, type of cytostatics, and outcomes per gastro-intestinal cell line
PM of colorectal origin,n=16  PM of gastric origin, n=14 PM of pancreatic- or liver origin, Total
(references in parentheses) (references in parentheses) n="7 (references in parentheses)
Type of DDSs
Hydrogel 4 [42, 46-48] 5[40, 41, 68-70] 0 9
Hydrogel containing micelles 2 [31, 33] 0 0 2
Hydrogel containing micro- 1[32] 0 0 1
spheres
Hydrogel containing nanopar- 1[37] 1[49] 0 2
ticles
Microsphere 3 [43-45] 2[27,71] 1[27] 6
Nanoparticle 1[72] 2 (39, 73] 1[74] 4
Polymerosome 1[28] 228, 75] 0 3
Micelle 2 [38, 76] 0 0 2
Microparticle 0 0 236, 58] 2
Drug eluting beads 1[34] 0 1[35] 2
Liposome 0 1[77] 0 1
Carrier erythrocyte 0 0 1[78] 1
Micellar nanoparticle formula- 0 1[30] 0 1
tion
Micelles, nanoparticles, and 0 0 1[29] 1
microparticles
Type of cytostatics
Paclitaxel 3128, 38, 48] 728, 30, 39, 49, 70, 73, 75] 4129, 36, 58, 74] 14
Cisplatin 1 [45] 4127, 68, 69, 77] 1[27] 6
5-FU 342, 46, 72] 0 1[78] 4
Doxorubicin 3 [31, 34, 47] 0 1[35] 4
Docetaxel 1 [44] 2 [40, 41] 0 3
Docetaxel + LL37 1[37] 0 0 1
Docetaxel + curcuma 1[43] 0 0 1
Mitoxantrone 1[34] 0 1 [35] 2
Floxuridine 0 1[71] 0 1
Irinotecan 0 0 1[35] 1
Simultaneously delivered
5-FU + cisplatin + paclitaxel 1[32] 0 0 1
Paclitaxel + 5-FU 1[76] 0 0 1
5-FU +cisplatin 1[33] 0 0 1
Outcome parameters
Tumor number/tumor weight/ 16 [28, 31-34, 37, 38, 4248, 11 [27, 28, 30, 3941, 49, 68, 3127, 35,74] 30
tumor volume 72,76] 71,73, 75]
Median survival time 10 [31-33, 37, 38, 43-45, 47, 6 [39-41, 69, 73, 77] 6 (27,29, 36, 58, 74, 78] 21
76]
Survival rate 1[42] 0 1[35] 2
Photon counts 0 2 (69, 70] 0 2

DDS drug delivery system, PM peritoneal metastases, 5-FU 5-fluorouracil

the drug inside the particle is influenced by the polymer-
drug interaction and the presence/absence of an outer
shell. (C) Liposomes and polymersomes are assembled
bilayer systems with aqueous and hydrophobic compart-
ments that enable the retention of different types of drugs.
(D) Micelles are polymer nanoparticles composed of block

copolymers with hydrophobic and hydrophilic segments
that steer assembly. Hydrophobic drugs such as paclitaxel
and docetaxel are used as micellular formulations (Taxol
or Taxotere). (E) Red blood cells are used to produce lipo-
some carriers (or are combined with hydrogel-forming
polymers).
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Table 3 Study characteristics of studies using a PM model of gastric cancer origin

First author (ref)

Species, strain,
sex

Type of tumor
cell line, injection

Time between
tumor inoculation

Type and dose of Type of DDS

cytostatic agent

administered

Frequency of
DDS administra-

Total experiment
duration starting

location, and and start therapy  administered tion from tumor inocula-
number of cells (days) tion (days)
administered to
induce PM
Bae et al. [40] Mouse TMK1 7 Docetaxel Thermo-responsive 1 28 and until
BALB/c IP 1x107 10 mg/kg Plu-CLA hydrogel survival endpoint
Male was reached*
Emoto et al. [30] Mouse MKN45P 7 Paclitaxel NK105 polymeric 2 (day 7 and 14) 19
BALB/c IP 2% 10° 40 mg/kg micellar nanopar-
Female SC 1x10° ticle formulation
Emoto et al. [68] Mouse MKN45P 7 Cisplatin In situ cross-link- 3 (day 7, 14,and 28
BALB/c IP 1x10° 1 mg/kg able hyaluronic 21)
Female acid-based
hydrogel
Han et al. [41] Mouse 44As3Luc 3 Docetaxel Polyphosphazene 1 11,17, or 31
BALB/c IP 1 x10° 2-8 mg/kg thermo-sensitive
Female hydrogel
linuma et al. [77] Mouse MKN45pP 1 Cisplatin Tf-PEG liposome 2 (day 2 and 5) 60
BALB/cA JcI-nu 1P 1x 107 5 mg/kg
Female
Inoue et al. [71] Mouse MKN45 7 Floxuridine PLGA microspheres 1 28
BALB/c IP 2% 10° 1 mg/kg
Male
Kinoshita et al. Mouse OCUM-2MD3 7 Paclitaxel Nanoparticle 7 (consecutive 25 and until
[39] NCr-nu IP 1x107 30 mg/kg albumin-bound days) survival endpoint
Female was reached*
Qian et al. [49] Mouse MKN45 14 Paclitaxel Hydrogel- 1 22
BALB/c IP 5% 10° 8 mg/kg encapsulating
Male paclitaxel-loaded
RBC membrane
nanoparticles
Simon-Gracia Mouse MKN-45P 3 Paclitaxel iRGD pH-sensitive 8 (every other 18
et al. [28] Athymic nude P2x10° 7 mg/kg POEGMA-PDPA day)
Sex not stated polymerosomes
Simon-Gracia Mouse MKN45-P-Luc 8 Paclitaxel pH-sensitive 7 (every other 21
etal. [75] Athymic nude P 1x10° 7 mg/kg POEGMA-PDPA day)
Sex not stated polymerosomes
Soma et al. [73] Mouse MKN45P 7 Paclitaxel Amphiphilic poly- 3 (day 7, 14, and 28 and until
BALB/c IP3x10° 20 mg/kg mer composed of 21) survival endpoint
Female PMB-30 W was reached®
Tamura et al. [27] Mouse H-145 7 Cisplatin Biodegradable 1 42
BALB/cA Jcl IP 3% 10° 20-40 mg/kg microspheres
Female
Yamashita et al. Mouse MKN45-Luc 5 Cisplatin Gelatin hydrogel 2 26 and until
[69] BALB/c IP 5% 10° 5-10 mg/kg granules survival endpoint
Female was reached*
Yu et al. [70] Mouse HSC44Luc 3 Paclitaxel Biodegradable 1 5 and 25
BALB/c IP 1x10° 15-30 mg/kg thermo-sensitive
Female hydrogel

DDS =drug delivery system; IP=intraperitoneal; Luc=Iluciferase transfected; PECE =poly(ethylene glycol)-poly(e-caprolactone)-poly(-
ethylene glycol); PEG = poly(ethylene glycol); PLG = poly(D,L-lactide-co-glycolide); PLGA = poly(lactic acid-co-glycolic acid); Plu-CLA =Plu-
ronic F-127 Poloxamer hydrogel conjugated linoleic acid; PM = peritoneal metastases; PMB-30 W =polymer composed of 2-methacryloxyethyl
phosphorylcholine and n-butyl methacrylate; POEGMA-PDPA = Poly(oligoethylene glycol methacrylate)-poly(2-diisopropylamino)ethyl meth-
acrylate); RBC =red blood cell; SC=subcutaneous

*Part of the animals were kept in the experiment for determining tumor load at a certain day, other part was kept in the experiment until survival
endpoint was reached to determine median survival time
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Table 4 Study characteristics of studies using a PM model of pancreatic- and liver cancer origin

First author Species, strain, Type of tumor  Time between  Type and dose ~ Type of DDS Frequency of Total experiment
(ref) sex cell line, injec-  tumor inocula-  of administered DDS adminis-  duration start-
tion location, tion and start cytostatic agent tration ing from tumor
and number of  therapy (days)  administered inoculation (days)
cells adminis-
tered to induce
PM
Herrera et al. Rat Panc-1-CSC 14 Paclitaxel pH responsive 4 (once a week) 50
[74] Nude IP 2x10° expansile
Female nanoparticles
Lu et al. [58] Mouse Hs766T 10 Paclitaxel Polymeric 1 Until survival
Nu/Nu IP2x107 40 mg/kg tumor-pene- endpoint was
Female MiaPaCa?2 15 trating PLG reached*
IP2x%x107 microparticles
Tsai et al. [29] Mouse Hs766T 10 Paclitaxel Micelles, 1 Until survival
Nude BALB/c TP 20x 10° 40 mg/kg gelatin endpoint was
Female nanoparticles, reached*
and polymeric
microparticles
Tsai et al. [36] Mouse Hs766T 10 Paclitaxel PLGA micro- 1 Until survival
Athymic IP 20x 10° Max. cum dose particle endpoint was
Female 120 mg/kg reached (max
110 days)*
Yagubluetal.  Mouse Panc02 15 Mitoxantrone  Polyvinyl-alco- 1 (day 15) 24
[35] C57BL/6 IP 1x10° (15-40 mg/ hol hydrogel 3 (day 15-18-
Female kg) drug eluting 21)
Doxorubicin beads
(10-40 mg/kg)
Irinotecan
(20-30 mg/kg)
Tamura et al. Mouse Li-7 8 Cisplatin Biodegradable 1 Until survival
[27] BALB/cA Jcl Number of cells 30-35 mg/kg endpoint was
Female not stated reached*
Wang et al. [78] Mouse H22 7 5-FU Carrier erythro- Twice a week Until survival
Kunming 2x10° 20 mg/kg cyte (RBC) endpoint was
Female reached*

DDS =drug delivery system; IP=intraperitoneal; PLG =poly(D,L-lactide-co-glycolide); PLGA = poly(lactic acid-co-glycolic acid); PM = peri-

toneal metastases; RBC =red blood cell

*Animals were kept in the experiment until survival endpoint was reached to determine median survival time

Cytostatics

There was a great variety in the choice of cytostatics.
Paclitaxel was most often used (n=14), followed by
cisplatin (n=6), 5-FU (n=4), doxorubicin (n=4), doc-
etaxel (n=15), mitoxantrone (n=2), floxuridine (n=1),
and irinotecan (n=1). In some studies, a combination of
cytostatics was delivered from the DDS simultaneously:
paclitaxel — 5-FU, cisplatin — paclitaxel — 5-FU, cispl-
atin — 5-FU [31-33]. Both Yagublu et al. and Keese et al.
compared experimental groups in which different types
of cytostatics were administered via drug eluting beads:
doxorubicin — mitoxantrone — irinotecan and doxorubicin
— mitoxantrone were used, respectively [34, 35].

Outcome measures

This systematic review focusses on two outcome measures:
survival and reduction of intraperitoneal tumor load. The
majority of the studies included reported reduction in intra-
peritoneal tumor load as an outcome (n=30), and more than
half reported survival as outcome (n=21).

Risk of bias within studies
The risk of bias was assessed using SYRCLE’s risk of bias
tool by applying 10 signaling questions. In general, the

reporting of the methodology used was poor, which makes
it difficult to assess the risk of bias.
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Polymer B (outer shell)
Hydrogel: macroscopic depots Cross-section microsphere/microparticle [1-1000 pm)
or micrometer sized granules or beads or nanoparticle [1-100 nm]
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hydrophobic compartments.
0000, Hydrophilic
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% % % % produce 5-FU loaded liposome carriers (Wang et al. 2010)
$
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Aqueous inner
compartments

Liposome [25 nm - 2.5 pm] & polymersomes [100 nm - 2.5 um]
formed through bilayer formation

Fig.2 Overview of all included DDSs in this review

For instance, none of the articles gave any information
about the following items: whether the allocation sequence
had been adequately generated and applied, whether the
allocation to the different experimental groups had been
adequately concealed, whether the researchers had randomly
placed cages or animals within the room/facility, whether the
caregivers and/or researchers had been blinded as to which
intervention each animal had received, whether the animals
had been randomly selected for outcome assessment, and
whether the outcome assessor had been blinded. Thus, the
risk of bias for these items is unclear. Only one article gave
information about addressing incomplete outcome data; it
described how the authors had dealt with missing data [36].
In all other articles, no description was given as to whether
all animals had been included in the analysis.

For some signaling questions, however, the risk of bias
was low. For example, 26 articles gave adequate informa-
tion about group similarity at baseline (sex, age, and weight
of the animals). Another well-described signaling question

Fig.3 Risk of bias graph
presented as percentage of all
included studies

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection hias)

Incomplete outcome data (attrition hias) l

Micelles [10-100 nm]

Random sequence generation (selection hias)

Red Blood Cells

was whether the reports of the study were free of selective
outcome reporting. In 28 papers, the expected outcomes as
described in the methods section were also described and
analyzed in the result section. Figure 3 displays the risk of
bias graph presented as a percentage of all included studies.

Study outcomes: survival

The first outcome parameter of interest here was survival,
which was most often expressed as median survival time
(MST). The results regarding this outcome are described
in Tables 5, 6, 7, and 8. This outcome parameter is first
explained per cell line and thereafter in light of the two most
frequently used DDSs (hydrogel and microsphere).

PM model of colorectal origin

Of the sixteen studies that used a PM model of colorectal
origin, eleven studies had survival as an outcome parameter.

I |

Allocation concealment (selection hias) [ J
I |

| |

|

Selective r2poring (rzporting bios) [N |

Other hias | ]

0% 25% 50% 75%  100%

[ Low risk of bias

[Junciear risk of bias [l Hion risk of bias
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peritoneal metastases;

not significant; PEG=poly(ethylene glycol); PM

NS=

=mitoxantrone;

MIT

docetaxel;

cisplatin; DOC=

5-fluorouracil; DOX =doxorubicin, CDDP
paclitaxel; SD =standard deviation

All values in italics are values derived from figures and not exact numbers

Table 5 (continued)

5-FU
PTX

55
w
a=}
=
=
oQ
)

# Median survival times as reported by the studies' authors

These studies found that treatment with a cytostatic released
from a DDS resulted in a higher MST, compared to treat-
ment with a free cytostatic ("without DDS"), an empty
DDS ("without cytostatic"), or no treatment. In five of the
eleven studies, the difference was statistically significant,
as displayed in Table 5. In the other studies, it was either
not reported or the outcomes were not statistically different.

The longest absolute MST was found in the experimental
study by Fan et al. [37]. In their study, animals inoculated
with HCT-116 cells and treated with docetaxel co-encap-
sulated with LL37 peptide polymeric nanoparticles in a
thermo-responsive hydrogel showed an MST of 60 days,
whilst treatment without the addition of LL37 or with free
docetaxel resulted in an MST of 48 and 45 days, respec-
tively. The shortest absolute survival of animals receiving
a cytostatic from a DDS was found by Cherukula et al., in
which a lithocholic acid conjugated disulfide-linked poly-
ethyleneimine micelle loaded with paclitaxel resulted in an
MST of 27 days, compared to 21 days when treated with
free paclitaxel [38].

PM model of gastric origin

Six out of the fourteen studies which had examined the
PM models of gastric origin had survival as an outcome
parameter. Similar results as in the PM colorectal models
were found in the gastric models. A combination of a DDS
loaded with a cytostatic always resulted in a longer MST; in
five studies, this difference was statistically significant. The
longest MST, of 126 days, was found by Kinoshita et al.
Animals inoculated with OCUM-2MD3 cells and treated
with nanoparticle albumin-bound loaded with paclitaxel had
a longer survival compared to animals receiving a free drug
(96 days) [39]. All results regarding PM models of gastric
origin are shown in Table 6.

PM model of pancreatic- or liver origin

All seven studies using a pancreatic- or liver cancer cell line
had survival as an outcome parameter. They all found that a
cytostatic released from a DDS resulted in longer survival.
In five studies, the difference was statistically significant
compared to control and/or free drug. Table 7 displays all
results regarding this PM model. The largest statistically sig-
nificant difference regarding survival compared to the free
drug group was found in the study of Tamura et al., in which
microspheres loaded with 30 mg/kg and 35 mg/kg cisplatin
were used to treat a PM model of liver cancer origin [27].

DDS: hydrogels

Most studies (8 out of 10) described an improved MST for
the experimental groups with a cytostatic-loaded hydrogel



557

Clinical & Experimental Metastasis (2022) 39:541-579

e'u

e'u eu e'u

(SN)
12°0 *TT0°0 1800°0 A

(S00>dD-v sa) o A
sz

(§00>dV 'sa) 7D
g

LIV

(89000=d g sa

‘100°0>d OV '$a) 201 A

(01=u) 38w ¢

swosodi-DHd-4L H
(o1=w

3y/8w ¢ dadD 14 'd
(01=u) 38w ¢

swosodi-dadD-Odd D
01=w

3y/3w ¢ owosodry areqg ‘g

(01=u) [onuo) 'y
(01=u) 3y

/Sw 8 DOA-19301pAH
(O1=u) 3y

/3w 7 DOA-19801pAH g
(o1=w

[£L] Te 1o pumury

01T LY 0T0 ™ (1000>d  8ySw g d'1H0q %1 ‘A
¥6'C:SS001°0°A DV 'sA)§LTH or=w
€6'1:180°D w'd SyBw g ATDOQ 90 D
SOCILT WL D SIOD Or=w
96'0:TL0 'V L1°d [9801pAy ouelg ‘g
8T Aep ‘p1 Kep g feq S6°V (01=u) [onuU0) Y [1+] T80 uey
(9=mu) 3y
(so0>d /3w [ dadaD-19301pAH A
V $4) 60°0F €10 °d (9=u)
SI0OF0£0 D Sy/Bw [ dJAAD %1 D
[['0F920 9 (9=u) 1o801pAy douelg ‘g
- - - EOFHFOY vu (9=u) [onuo) Yy [89] Te 19 ojowyg
(100>d (L=u) 3y/3w oy X1d
g-v sa) [¢2-8110C D -oponedouru-o[[edIA D
(S6—S#) SS 'd (L=u) 3y
(S62-091) 05T 'V /W Op 91D-X1d 994 ‘g
- - - (8w) (YOI) uripapy vu (01=w) [onuU0) Y [0g] "Te 10 ojowy
(c=w 3y
(so0>d /3w 01 DOA-[9301pAH D
q-Vv 'sA) L9 F981 D (c00>dg-v 'sh) pv D (c=uw
66C+89C°d 1£°q /8w 01 DO 201 g
- - LY9F8IY'Y 8TV (¢=u) [onuo) 'y [o¥] Te 10 oeg
s F sjunod uojoyd
WAISAS
Surdewr oA1A-ur ue £q ds F se[npou ((wo) (8) @s FwSrom Jowny 4 (s&ep)

painseaw AJsudiur [eugIg
Peo[ Jown) — SJNSY

Jown) Jo Iaquunu US| (S FoWN[OA Iown) Uedj [eduoiLadenur [810) UBIA
peo[ Jown) — S)Nsoy peoJ Jown], — S)nsoy peo[ Jowng, — SINsoY

QW [BAIAINS URIPIIA
[eATAINS — SINSAY

(u) paredwod
sdnoi13 Tejuowtradxyg

(3a1) J0UINE ISIT

uIS110 J90UEBD JLNSES JO [opow JAJ B Sulsn SIIpNIs JO sawodino Apnis 9 ajqel

pringer

a's



Clinical & Experimental Metastasis (2022) 39:541-579

558

(g=u) asop
wnd 3y/3w £ opndad

(1000>d -X 1Ld-owosorowA[od '
Vv safco0>d)D (8=u)
$4) 90°0F 610 'd asop wnod 38w £ X1d
(100>d g sa (co0o>d urunqre-aponredoue) )
1000>dD sa) £F81 A VSO F00FLL0 D (8=u)
6+t D (soo>d 9sop wno Sy/Sw 7
£¥ecq VSA)II0F£90°9 X1d-ouwosorowk[od g
- r+89°V - FIOFCITV e'u (8=Uu) [onuo) 'y [87] ‘¢ 10 BIORID-UOWIS
(¢=u) 8yy/8wr § X 1d-9[°
-nredoueu-19301pAH "q
(so0>d (s00>dD (6=u) 3yBw g
Dpue gss)08F06l 'd pue g sA) g0+ €0 °d X.Ld-epnredoueN D
L8YFT6T D ST0+CS0D (c=u
LOTTFSTYe'd 6£0F€90°9 3y/Sw § X1d 991 g
- 61F86°V - PSOFLLOV el (¢=u) jonuo) 'y [6¥] T 10 ue1)
(s=uw) 3y
/3w gg "d'r X 1d punoq
urwunge-oponiedoueN
(s=uw 3y
/3w g ‘AT X1d punoq
(SN) #I0F 80 °'d (S00>d g sa) gzl 'a  urungpe-oppunredoueN D
0I'0F290 D (S0'0>d g 'sA) 921 D (c=u)
0I0F650°d 96°d NSW el X1d %M '
STOFSTI'V STV (¢=u) [onuo) 'y [6€] Te 10 earysouryy
(9=u) AL
MANd-21ydsoIdTA g
(9=u)
01+0l'4 snjoq YAnd 2911 ‘A
8EF66 A (9=uw) ALN
(co0>da sa) SF6t D snjoq YANA 9914 D
£CF86 4 (9=u)
:dnous aroydsorotw ouerq ‘g
- - - 1043103 10f P2122.410)) eu (9=u) jonuo) 'y [1.L] ‘T 32 anouy
ds F siunod uojoyq
woIsAs
Surdew oA1A-ur ue £q ds F se[npou (o) (8) s FySrom Jowny 4 (s&ep)

painseaw Aysudiur [eugIg
Peo[ Jown) — SJNSY

Jowrn) Jo Ioquinu UedJAl (S F SWNJOA Jown) UBIA EQGOHCOQNBEM 1e30) UB3N

peo[ Jown) — S)Nsoy peoJ Jowng, — S)nsoy

peo[ Jowng, — SINsoY

QW [BAIAINS UBIPIIA
[eATAING — SINSAY

(u) paredwod
sdnoi13 Tejuowtradxyg

(3o1) J0UINE ISIT]

(ponunuoo) 9sjqey

pringer

fH's



559

Clinical & Experimental Metastasis (2022) 39:541-579

(so0>d
V 'SA) T00F L00 A
(SN) 90°0F€1°0 'H

(6=u) 3y/3w O
dagD-e1oydsordry

(6=u) 3y/w ¢¢
daaD-2eydsoniN ‘H

(6=u) 3y/5w O
daaD-ereydsonIA “d

(so'0>d (6=u)
V SA) $0'0F €10 °d Sy/8w 0T dAAD 9910 "D
LOOFIT0D (6=u)
01r0¥F¢ccod 3y/8w 8 4AAD 991 'd
- - - LTOFSLO'V eu (6=1) [onuo) 'y [£2] Te 10 einwe],
(s00>d (coo>da (81=1) 3
A Pue Yy 'SA) €8F9'6 ' pue v 'sA) S0'0F90°0 A /3w 07 X1Ld-1ewk[od ‘g
(so0>d (co0>d  (so0>da-v-sA)gisd (8r=u)
V SA) TIFSSEd YV SA) $I0FCC0°d 8Iv'd  SNBw g XId %1 'd
£TF80I D 0S0F88°0 D seED (81 =u) owAjod "D
SZFOIT 4 SE0F080°9 se'd  (8r=u) toydowar) ‘g
- 0TF €01V - LEOFHFSO'Y Sev (81=1) [onuo) "y [€L] e 10 eUIOg
(c=u)
3sop wno Sy/Swr £
(100°0>d X 1Ld-owosorwA[od "d
V 'SA) STFS6 A (c=u)
(1000>d os0p wno 3y/5ur £, X 1d
V' SAVFITD -urwinqre-opontedoueyN D
(1000>d (g=u) asop wnd
V SA) SYFSIT d Sy/3w £ X1d 991 'd
- [1F68°V - - eu (c=u) [onuo) 'y [GL] 'Te 10 erORID-UOWIS
as F Sjunod uojoyd
W)SKS
Surdew oA1A-ur ue £q ds F se[npou ((wo) (8) s FySrom Jowny 4 (s&ep)

painseaw Aysudiur [eugIg
Peo[ Jown) — SJNSY

Jown) Jo Iaquunu uedA[
peo[ Jown) — S)Nsoy

S FownjoA Jown) Uedly [eouojLradenur ()0} ueSA
peo[ Jowny, — SISy peoy Jowng, — SINSY

QW [BAIAINS UBIPIIA
[eATAING — SINSAY

(u) paredwod

sdnoi13 Tejuowtradxyg (3o1) I0U)INE ISITL]

(ponunuoo) 9sjqey

pringer

a's



Clinical & Experimental Metastasis (2022) 39:541-579

560

sIoyIne SIS oy Aq papIodar se SWI) [EAIAINS UBIPIN ,

uon

-RIAQD pIepuels =S ‘[oxeioed =X 1 J ‘soseisejowr [eauojrad =\ J Syueoyrudis jou=gGN o3uer a[nrenbiojur = YOI ‘ouipLnxoy = YN ‘[exe1ecop =70 Ioydoward =a1) ‘unedsmw=4qad

sloquinu 1oex? jou pue mo.HBMC WOIJ PIALIIP SanjeA ale SOI[ell ul sanjeA [

(S00>dvsa)0+a60°d
(S00>dVys4)0+7 60D

(s=u) 3y

/3w GT X Ld-[9301pAH "A
(c=uw

Sy/8w 0g X1d 9914 D

0+H0L'9 (¢ =1u) [o801pAy ouerg ‘g
Q+ASLV - - - eu (¢=u) [onuo) 'y [0L] Tere ng

(z1=w

Sy/8w 01 JAAD
-omnuess [9301pAH 'H

(Z1=1u) 38w ¢ JAaD
-o[nueis [930IpAH "D

(z1=w
Sy/3w ¢ JAAD 91 A

(z1=u
(210000=d V 'sA) IS 'H 3yB8w ¢ JadD =1 g

(Z1000=d V 'sa) [$'D (Tr=u
(so0>d 0rd  SSwzdaddeed d

V SA) CFH0+d €C 'H v 4 (Tr=uw
(so'0>d Iv'a 38w [ JadD 21d D

VSA) €F40+d 17D €D (z1=U)
Ol Fv0+d8Y'd y¢€ g omuerd [230I1pAy oue[qg g

SIFPO+H 19V - - - 65V (Z1=u) [onuo) 'y [69] ‘Te 10 earysewex
s F s1unod uojoyq
wW)SKS
SurSewr OATA-UT Uk £q ds F sempou (o) (8) asF1y3rom o 4 (5Kep)

painseaw Aysudiur [eugIg
Ppeo[ Jown) — SJNSY

Jown) Jo Joquinu UBdJAl (IS F QWNJOA JOWN) UBJJA [eduojlIadenur [e1o) UedJy
peo] Jown) — S)Nsoy peoJ Jowng, — S)nsoy peo[ Jowng, — SINsoY

QW [BAIAINS UBIPIIA
[eATAINS — SINSAY

(u) paredwod
sdnoi3 Tejuowtradxyg

-t

L

80

g

(3a1) J0UINE ISIT] a.
2

Gl

(ponunuoo) 9sjqey



Clinical & Experimental Metastasis (2022) 39:541-579 561
Table 7 Study outcomes of studies using a PM model of pancreatic- and liver cancer origin
Fist author (ref) Experimental groups Results — Survival Results — Tumor load Results — Tumor load Results —
compared (n) Median survival time Mean total intraperito- ~ Mean tumor volume+SD tumor load
(days) * neal tumor weight+SD  (cm®) Mean
(2) number of
tumor nod-
ules +SD
Pancreas
Herrera et al. [74] A. Control (n=38) A. 26 - - Mean tumor
B. Blanc nanoparticle B. 29 bur-
(n=9) C. 44 den+SD
C. Free PTX 10 mg/kg D. not reached (vs. A-B A. not avail-
(n=9) p<0.05) able due
D. Nanoparticle-PTX to early
10 mg/kg (n=9) death
B. 4
C.3+25
D.23+1
(NS)
Lu et al. [58] Earl H T cell Earl H T cell n.a n.a n.a
line: line:
A. Control (n=6) A. 15
B. Free PTX 40 mg/kg 1x  B. 30 (vs. Ap<0.01)
(n=12) C. 41 (vs. Ap<0.01, vs.
C. Microparticle-PTX B p<0.05)
120 mg/kg 1x (n=12) Late s Hs766T cell
Late stage Hs766T cell line:
line: D.5
D. Control (n=6) E. 8
E. Free PTX 40 mg/kg 1x  F. 14 (vs. D-E p<0.05)
(n=9) Early stage MiaPaCa-2
F. Microparticle-PTX cell line:
120 mg/kg 1x (n=9) G.21
Early stage MiaPaCa-2 H. 42 (vs. G p<0.01)
cell line: 1. 52(vs. Gp<0.01, vs. H
G. Control (n=6) p<0.05)
H. Free PTX 40 mg/kg 1x
(n=7)
I. Microparticle-PTX
120 mg/kg 1x (n=7)
Tsai et al. [29] A. Control (n=12) A.22 n.a n.a n.a
B. Free PTX 40 mg/kg B. 31
(n=15) C.34

C. Nanoparticle-PTX
40 mg/kg (n=17)

D. Microparticle-PTX
40 mg/kg (n=8)

D. 46 (vs. B-C p<0.01)
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Table 7 (continued)

Fist author (ref) Experimental groups Results — Survival Results — Tumor load Results — Tumor load Results —
compared (n) Median survival time Mean total intraperito- ~ Mean tumor volume+SD tumor load
(days) * neal tumor weight+SD  (cm®) Mean
(2) number of
tumor nod-
ules +SD
Tsai et al. [36] A. Control (n=6) A. 14 n.a n.a n.a
B. Blanc microparticle B. 15
(n=6) C.27
C. Free PTX 40 mg/kg 1x  D. 36
(n=16) E.21
D. Microparticle small F. 41 (vs. Cp<0.05)
fast release 40 mg/kg G. 47 (vs. Cp<0.05)
PTX (n=7) H. 42

E. Microparticle small I. 36
slow release 80 mg/kg  J. 33
PTX (n=38) K. 55 (vs. C p<0.05)

F. Microparticle small
fast release 40 mg/
kg PTX + small slow
release 80 mg/kg PTX
(n=8)

G. Microparticle small
fast release 60 mg/
kg PTX + small slow
release 60 mg/kg PTX
(n=8)

H. Microparticle small fast
release 60 mg/kg + large
medium release 60 mg/
kg (n=8)

I. Microparticle small
slow release 40 mg/
kg + large medium
release 40 mg/kg + small
slow release 40 mg/kg
(n=38)

J. Free PTX 40 mg/kg 3x
(n=7)

K. Microparticle small fast
release 40 mg/kg + small
slow release 80 mg/kg
2x (n=38)
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Table 7 (continued)
Fist author (ref) Experimental groups Results — Survival Results — Tumor load Results — Tumor load Results —
compared (n) Median survival time Mean total intraperito- ~ Mean tumor volume+SD tumor load
(days) * neal tumor weight+SD  (cm®) Mean
(2) number of
tumor nod-
ules +SD
Yagublu et al. [35] Doxorubicin: Doxorubicin: - Doxorubicin: -
A. Control (n=28) A. not reached A. 0.225+0.06
B. Free DOX 1x25mg/  B.22 B. 0.03+0.002 (vs. A
kg (n=8) C. not reached p<0.001)
C. Drug eluting beads- D. 21 C. 0.025+0.001 (vs. A
DOX 1x40 mg/kg E. 22 p<0.001)
(n=28) Mitoxantrone: Mitoxantrone:
D. Free DOX 3x 10 mg/  F. not reached F. 0.33+0.055
kg (n=8) G. not reached G. 0.04+0.004 (vs. F
E. Drug eluting beads- H. not reached p<0.001)
DOX 3x20 mg/kg 121 H. 0.038+0.001 (vs. F
(n=38) J. not reached p<0.001)
Mitoxantrone: Irinotecan: Irinotecan:
F. Control (n=238) K. not reached K. 0.155+0.01
G. Free MIT 1x30 mg/kg L. not reached L. 0.065+0.003 (vs. K
(n=38) M. not reached p<0.001)
H. Drug eluting beads- N. not reached M. 0.062 +£0.001 (vs. K
MIT 1x40 mg/kg O. not reached p<0.001)

Liver

Tamura et al. [27]

Wang et al. [78]

(n=8)

1. Free MIT 3 x 15 mg/kg
(n=8)

J. Drug eluting beads-MIT
3%x20 mg/kg (n=28)

Irinotecan:

K. Control (n=8)

L. Free IRI 1 x40 mg/kg
(n=8)

M. Drug eluting beads-IRI
1x60 mg/kg (n=28)

N. Free IRI 3 x20 mg/kg
(n=8)

O. Drug eluting beads-IRI
3%30 mg/kg (n=8)

A. Control (n=15)

B. Free CDDP 8 mg/kg
(n=15)

C. Microsphere-CDDP
30 mg/kg (n=15)

D. Microsphere-CDDP
35 mg/kg (n=15)

A. Control (n=10)

B. Free 5-FU 20 mg/kg
(n=10)

C. Carrier erythrocyte-FU
20 mg/kg (n=10)

A.30.9+0.5 -

B.31.7+1.4

C.45.1+2.2 (vs. A-B
p<0.001)

D.455+2 .2 (vs. A-B
p<0.001)

A. 13 n.a
B. 20
C. 28 (NS)

A.0.386+0.036 -

B. 0.325.3+0.042

C.0.113+0.014 (vs. A
p<0.001)

D.0.114.8+0.014 (vs. A
p<0.001)

All values in italics are values derived from figures and not exact numbers

5-FU =5-fluorouracil; CDDP =cisplatin; DOX =doxorubicin; IRI=irinothecan; MIT = mitoxantrone; NS=not significant; PTX =paclitaxel;
SD =standard deviation

# Median survival times as reported by the studies' authors

@ Springer



Clinical & Experimental Metastasis (2022) 39:541-579

564

(9=u) 3y
(soo>d /3w 1 dadD-19801pAH "A
Vsa) 8 600FE10°d (9=u)
3EI0F0£0 D Sy/8wr [ JAdD 2911 D
SI10F920 4 (9=u) [9301pAy duelg ‘g Sy/Bw | sKep L (dSPNIIN)
SIEOFH0V eu (9=u) [onuo) 'y unefdst) G0TXT ornsen [89] e 10 ojourg
(s00>d
D7V 'SA) U 80'0F91°0 'A
AR ZIOFIPT D
A0 OI0FOLT 9
JADITOFIIT 'V (8=u) 3y
(s0'0>d /3w [ XOQ-19501pAH "A
D~V 'sA) 8 €0'0F0€0 A (SN) 62 "a (8=u
8600FEITD 120 3y/8uwr [ XOd 998 D
5800F09¢C'd 61'd (8=u) [o501pAy ouelg 'gq Syy/8uw | skep (92-10)
3Z10F0ST'V 81V (g=u) [onuo) 'y uroIqnIoxo(q OIXT uo[o) [Lt] Te 1o uay)
(c=u) 8y
(s00>d /3W 0T DOA-19801pAH D
-V 'SA) WD L9pF 98T D (60°0>d G-V "SA) v D (c=uw
U0 66'SF89T7 g Ied Sy/3w 01 DO 994 g SKep £, (IIALL)
A LP9F QT Y 8TV (¢=w) [onuo) 'y Sy/8ur O] [oxeIec0(q OTXT ornsen [ov] Te 10 og
(¢=u)
AW 807 VIO-NId +d'T
Sy/3w 001 NA-S 'd
(¢=u)dt
(poyers 3y/8w 00T NA-S L] "D
jou sdnoi3 paredwoo) ((=u) pajess
(500> d) mmors sowmy ATSY/Bw 001 NA-S 9 Syy/8w 001 1ou porrad uonemIOU] (on19z-1.D)
Jo uoniqryur Jueoyrusig eu (¢ =w) [onuo) 'y na-s OTXT uojo) [ot] Te 10 oeg
S[@30apAH
(S Fswunod
uojoyd) Ayrsuajur [eusdts
10 ‘(@S F s9[npou 1ownj Jo
Joquuinu uedwr ‘(s F (Wo) (sAep) Aderoy)
QUWINJOA JOWN) UeaWr 1Ie)s pue uonenodour
‘(@S F weid) ySrom Jowmny 4 (s£ep) Jown} uaam1aq QuIL],

[esuojrrodenur [e10} UBSIA
peo[ Jown) — SINSY

N [BAIAINS URIPIJA
[BATAING — SINSY

(u) paredwos
sdnoi3 rejuowtradxyg

pardjsiunipe juase onels
-0}A0 Jo oesop pue adA],

JAld 2onput 03 paI1a)
-STUTWIpPE S[[9 JO JqUINN

(aurq [[2o Jown) jo adA])
Amua aseasIq

(3a1) J0UINE ISIT

SA( ®© se 21oydso1oru e 10 [930IpAY B Sulsn SIIpNIs JO sawodIno ApniS g djqel

pringer

Qs



565

Clinical & Experimental Metastasis (2022) 39:541-579

(100°0>d
DV SA) E1F9] o
9IFosd
SIFH9 'd (zZ1=wn4q
LIFZ9°D ~[930IPAY-X Ld-AI[SN
rF9II g (Z1=u) 3y/Sw g
sFErv NA+3Y/BW g X1d 991 ‘H
(1000>d (T1=w
AV $4)3CEO0FH0 A (SN) ¢¥ a4 /8w X1d 914 °d
3CT0FS56°0 A sed (T1=uw
3Z0FseTd €a y/Bw § N4 91 D 3y/Bw ¢
3CTO0FTT D 0€D (T1=u nd
3coFce g ¥7°d  19801pAy-[[eorw oueld g 3y/sw ¢ skep ¢
390FCEV €TV (z1=U) [onuo) vy [exenpoed OIXzdl (9Z-1D) uo[o) [1€] 'Te 30 Suon
(t00>d
2V $A) 6 T F T8I d
WwLYFT99Cd (z1=w
9€9F €0y ‘A /8w 91 LETT+D0d
SI'LFH0'8Y D [9S01pAy-aonredouryN g
YOYFEISL d (¢1=u) 33w 8
89'8FTOEL'V LETT+D0d 9214 g
(100>d (z1=u) 38w 91 DOA
4V SA) S 610F190 4 (1000>dd-v 'sa) 09 4 -19801pAy-s[onredoueN q
SOU0OFIITd 6 d (z1=u)
891°0F99'1 'd 8% 'd 3y/3w § DO 991 D
S9I'0F88'T D Sy D (1 =) [9801pAY
S¢oFered se'd -oponredoueu ouelg g Sy/8w 918 skep ([ (LOH)
S36¢0FLOECY 6TV (zr=w) jonuod 'y opnded L¢TT+[9xeI000( s0T XS uo[o) [L€] Te 10 ueq
(gsS Fswunoo
uojoyd) Ayrsuajur [eusdts
10 ‘(@S F s9[npou 1ownj Jo
Joquinu uedwr ‘(s F (Wo) (sAep) Aderoy)
®E=~O> Jouwmnj ueaw RN ﬁn.m GOESSOOEM
‘(@S F wreid) ySrom Jowmny 4 (s£ep) JOowIN} U99Mm1aq QuIL],

[esuojrrodenur [e10) UBSIA
peo[ Jown) — SINSAY

own [BAIAINS URIPIJA
[BATAING — SINSY

(u) paredwod
sdnoi3 1eyuowrrodxyg

pardjsiunwpe juade onels
-0 Jo 9Fesop pue odA],

JAd 9onput 03 paIe)
-STUTWIPE S[[9 JO JqUINN

(aurq [[2o Jown) jo adA])
Amua aseasIq

(3o1) J0UINE ISIT]

(ponunuoo) gsjqey

pringer

a's



Clinical & Experimental Metastasis (2022) 39:541-579

566

(or=u) 3y
(6o0>d  (s00>dD-v'sA) 001 'a /3w 6T NA-S-19501pAH "A
OV SN PO FES A $T9°D or=w
8EFOIID sLd 8y/3w 6T M-S 2211 D (1oom 12d 1) X
86'9FL9€T 4 $79'V (01=u) [o301phy ouerq g Syy/3wr ¢z skep ¢ (92-10)
80°0IFCT0T 'V (01 =u) [onuo) 'y na-s OTXTdI uo[o) [zy] Te 10 Suepm
(s00>d
Dpue gsa) 08F 061 A
L8YFT6CD
LYTIFSTYE 9 (¢=u) 3y/3w § X1d
6IF86 'V -oponredoueu-[o301pAH "
(s00>d (¢=u) Sy/Swr g
Dpue gsa)SgT0FEC0 °d X1Ld-o[ontedoueN D
S6T0FTS0D (c=w
S6£0F€90°d Sy/Bw § X1d 1 g Syy/Suwr g skep 1 (SPNSIIN)
SHCOFLLOY eu (¢=u) [onuo) 'y [oxeN|oed o0I XS dI ornsen [6¥] Te 10 ueId)
(or=w
[9801pAY popeo] 3niq ‘g
(s0'0>d (01=1) 8y/8w [ JAa
OV 'SA)80TFHI A (S00>dD-vsa)9g @ 99y ‘Sy/Swr ¢ X 1d 221
YOYF62D €D ‘BBw g NS 991 D 3y/3w oz NA-S
98'¢F9Ld 9z'd (01 =Uu) [o501pAy duelq 'g Sy/3w | unerdsy) SKep £, (92-1D)
98'SF88 'V LTV (01 =u) [onuo) 'y 3y/8w ¢ [xeord 01X dl uo[o) [€] e 1o ong
or=w
8y/3w § DOA-19301pAH I
(SN) (o1=1)
SO 1270 °220°0 *1800°0 (89000=d @ sa  8y/Bw g DOQ-1930IpAH ‘H
JIOOIT L0 Y0 H  ‘T000>d DV '$A) 20T (o1=1)
U $6T 6670010 °d (1000>dD-V sA) ¢'LgH  3y/Bw g "d1D0d %1 ‘A
JAUO €61 118°0°D wa (or=w
JUOGO'E LT L0 d SID  BNBw g ATHO L] D
WO 96°0 °TL0 VY LT (01=U) [9501pAy ouelq "q Sy/Bw 8¢ skep ¢
8¢ Kep 1 Aep 18 Aeq 6V (01=1u) [onuo) 'y [oXe120(T s0IX T dI (onIgsyp) dtnsen [1¥] Te 10 uey
(gsS Fswunoo
uojoyd) Ayrsuajur [eusdts
10 ‘(@S F s9[npou 1ownj Jo
Joquinu uedwr ‘(s F (Wo) (sAep) Aderoy)
QUWINJOA JOWN) UeaW 1Ie)s pue uonenodoutr
‘(@S F wreid) ySrom Jowmny 4 (s£ep) JOowIN} U99Mm1aq QuIL],

[esuojrrodenur [e10) UBSIA
peo[ Jown) — SINSAY

own [BAIAINS URIPIJA
[BATAING — SINSY

(u) paredwod
sdnoi3 1eyuowrrodxyg

pardjsiunwpe juade onels
-0 Jo 9Fesop pue odA],

JAd 9onput 03 paIe)
-STUTWIPE S[[9 JO JqUINN

(aurq [[2o Jown) jo adA])
Amua aseasIq

(3o1) J0UINE ISIT]

(ponunuoo) gsjqey

pringer

Qs



567

Clinical & Experimental Metastasis (2022) 39:541-579

(co0>dv
sa)oos/suojoyd 0+ S0 A

(co0>dv
sa) oas/suojoyd 0+H S0 D

(¢=u) 3y

/3w ¢T X1d-19801pAH "A
(g=u)

SY/w 0¢ X1d 91 D

oes/suojoqd 90+H 0°L 'd (¢ =) [9801pAY duerq g Syy/3ur 0g—G1 skep ¢ (o THYOSH)
oas/suojoyd 90+H S'L Y eu (§=u) [onuo) 'y [oxeoed G0 XTdI oLmseD [0L] Te 10 nx
(z1=u) 38w 0 JAAD
-9[nueis [9301pAH ‘H
(Z1=u) 33w ¢ 4aad
-9[nuei3 [9301pAH ‘D
(T1=uw
88w ¢ JAaD 9e1d J
(z1=u)
(21000=d V 'sa) IS 'H Sy/8w ¢ JadD 1 H
(21000=d V 'sA) [ "D (T1=w
014 Sy/Sw 7 dadD 4 'd
y1 9 (Tr=w
(S00>dVvsA)TF¢T H It a Sy/Bw | JadD e D
(S00>dVsA)¢FIT D €D (z1=u) XZ
01 F8y'd v d o[nuerd [a3o1pAy ouelg g Sy/Bw o1-¢ skep ¢ IT-GHNSIN
SIFI9V 65V (Z1=u) [onuo) 'Yy unerdsiy o0 XS dI omsen  [69] Te 10 EIyYSEWRL
(€0'0>d D sa‘1070>d
V 'sA) S $1°0F S50 °d (8=u) X1d-1950IpAH "A
STI0F9L0D (8=u) [oxe], 1] D
syr1d (8 =) [9501pAY duerg g Syy/8uwr og skep ¢ (92-10)
3¢80FCCTY eu (g=u) [onuo) 'y [oxeoed OTXTdI uojo) [8%] Te 10 nX
(S F swunod
uojoyd) Ayrsuajur [eusdts
10 ‘S F so[npou Iown) jo
Jequinu ueawr ‘(s F (Wo) (sAep) Aderoy)
®E~:O> Jouwmnj ueaw RN ﬁn.m EOEESUOEM
‘(@S F wreid) ySrom Jowmny 4 (s£ep) JOowIN} U99Mm1aq QuIL],

[esuojrrodenur [e10) UBSIA
peo[ Jown) — SINSAY

own [BAIAINS URIPIJA
[BATAING — SINSY

(u) paredwod
sdnoi3 1eyuowrrodxyg

pardjsiunwpe juade onels
-0 Jo 9Fesop pue odA],

JAd 9onput 03 paIe)
-STUTWIPE S[[9 JO JqUINN

(aurq [[2o Jown) jo adA])
Amua aseasIq

(3o1) J0UINE ISIT]

(ponunuoo) gsjqey

pringer

a's



Clinical & Experimental Metastasis (2022) 39:541-579

568

(Z1=u) 3y

/3w g urwnoId + HOJ
-o10ydsoIor|A

(z1=u) 3y/Bw g (1:1)
urnoIng (O 1 '

(z1=u)
(S00>dH-V $4) 9F € o (S00>ddg-v 'sA) 8y D0d-21eydsonIA "q
0IF8Sd wd (T1=u)
02F99 °'d 6¢°d 3y/3w § DO 991 D
6F€8D 62D (z1=w
SIFErI g 0z 'd axoydsoloru oue[dg g Sy/8w g skep £, (92-1D)
0SF8SI Y 81V (z1=u) [onuo) 'y ununoIny) + [9XeR00(q O01XT [e30310[0D) [¢p] e 10 ueq
(g=u) 3y/Sw g
UOQ-@uonawOHoﬁz ‘ad
(g=u)
(S00>dD -V sa)sFsrd  (S00>dD-V 'sa) ¢¢°d /3w $ DO 991 D
STF08 D 62D (g=u)
TFSrI g szd axoydsosoru oue[dg g 33w g skep [, (9z-1D)
0SF091 'V €TV (g=u) [onuo) 'y [oxeja00( 01X dl [B30310[0D) (7] Te 10 ueq
SAIYASOIIIIA
(z1=u)
NA-S-9[eoI + dadD
-1o301pAH g
(z1=u)
3y/3w [ 4D 291 pue
Sy/3w Oz NA-S R H
(S0'0>d g "sa‘1000>d (T1=u) 3y
d-V 'sA) 99'7F €01 A (SN) ¢¥ 4 /8w | dAAD-19801pAH A
90°€F91'81 'd sed (z1=u)
9seFTT e d €€°d  BY/8w 07 NA-S-9lPNN D
CTYFSTC D €D (z1=w
TI9F197TS 9 97 °d  [9301pAy-a[[eorw oue[g g Sy/suw | unerdsi) skep £, (92-1D)
) 666FE€8ES Y STV (z1=u) [onuo) 'y /3w oz NA-S 01Xz dl [€30910[0D) [¢€] e 1o ung
(gsS Fswunoo
uojoyd) Ayrsuajur [eusdts
10 ‘(@S F s9[npou 1ownj Jo
Joquinu uedwr ‘(s F (Wo) (sAep) Aderoy)
OEH:O\/ Jouwmnj ueaw RN ﬁn.m GOﬁﬁSOOEM
‘(@S F wreid) ySrom Jowmny 4 (s£ep) JOowIN} U99Mm1aq QuIL],

[esuojrrodenur [e10) UBSIA
peo[ Jown) — SINSAY

own [BAIAINS URIPIJA
[BATAING — SINSY

(u) paredwod
sdnoi3 1eyuowrrodxyg

pardjsiunwpe juade onels
-0 Jo 9Fesop pue odA],

JAd 9onput 03 paIe)
-STUTWIPE S[[9 JO JqUINN

(aurq [[2o Jown) jo adA])
Amua aseasIq

(3o1) J0UINE ISIT]

(ponunuoo) gsjqey

pringer

Qs



569

Clinical & Experimental Metastasis (2022) 39:541-579

(6=u) 3y/3w Ot
daaD-e10ydsomdr g
(6=u) 3y/3w ¢

[esuojrrodenur [e10) UBSIA
peo[ Jown) — SINSAY

own [BAIAINS URIPIJA
[BATAING — SINSY

(u) paredwod
sdnoi3 1eyuowrrodxyg

pardjsiunwpe juade onels
-0 Jo 9Fesop pue odA],

JAd 9onput 03 paIe)
-STUTWIPE S[[9 JO JqUINN

(aurq [[2o Jown) jo adA])
Amua aseasIq

(s00>d daaD-erRydsonIA A
vV '$A)S200FL00 (6=1) 8y/3w g
8900F¢10d dda-ereydsodIN “(
(s00>d (6=uw
V 'sA) S H00F €10 °d Sy/8w 0] dAAD 2911 D
8.00F910°D (6=1u)
8010F¢€00'd Sy/8w § JAAD 291 g 8yy/8w 00 skep , (Sv1-H)
SLTOFSLOY vu (6=u) [onuo) 'y unerdsr) 501 X¢ omsen  [Lg] e 19 einwe],
(9=u) AL
MQD&-UHOSQmOHoﬁZ H
(9=u)
snjoq YANd 2211 'd
SoI¥0r 4 (9=u)
39cF66 °'d ALIA SN[0q YAN 914 D
(S00>das4)8SFst D (9=u)
3ETF86 aroydsorotur ouelq g Syy/Sur | skep /, (SPNSIIN)
:dnoas jo4ju0d 10f Pa12a1i0) e'u (9=u) [onuo) 'y QUIPLINXO[] 01XT oLnsen [1.] 'Te 30 anouy
(9=mu) 8y/wr g
&QQU-OuusmmOHoME ‘ad
(9=uw)
8y/8wr g JAAD 9914 D
(9=u)
aroydsorotw oue[q g
(9=uw) [onuo) 'y
‘[EATAINS WO
(¢=u) Sy/Bur o
daaD-21ydsonIN “d
(c=u
(100°0>d Sy/Bw 01 dAAD 9019 D
Vv 'sA) S 100°0F801°0°d  (50°0>dD 'sA) €ZF 4L A (c=w
89900F IS0 D €TFOF D aroydsoxotu ouelq g
56690F0L0T 'd scd (¢=u) [onuo) 'y 8yy/8wr 0z—01 skep /, (92-10)
3751 0F698°0 'V 81V PEOT TOW SWOIN0 unerdsiy G0IXT [£19910[0D) [s¥] e 0 1lung
(S F swunod
uojoyd) Ayrsuajur [eusdts
10 ‘S F so[npou Iown) jo
Jequinu ueawr ‘(s F (Wo) (sAep) Aderoy)
QUWINJOA JOWN) UeaW 1Ie)s pue uonenodoutr
‘(@S F wreid) ySrom Jowmny 4 (s£ep) JOowIN} U99Mm1aq QuIL],

(3o1) J0UINE ISIT]

(ponunuoo) gsjqey

pringer

a's



570 Clinical & Experimental Metastasis (2022) 39:541-579
. < 4 = system. When comparing survival of the DDS-cytostatic
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Table 8 (continued)

&

(Type of tumor cell line) tered to induce PM

Disease entity

First author (ref)

Springer

Liver

Tamura et al. [27]

(Li-7)

All values in italics are values derived from figures and not exact numbers

5-FU

cisplatin; DDS =

5-fluorouracil; CDDP

SD =standard deviation, sec =second

#Median survival times as reported by the studies' authors

used a lower cell number to induce the PM but the survival
for the untreated control group appears similar to the control
in the Gunji study. In the Fan et al. studies, the survival for
the experimental group treated with the DDS appears lower
[43, 44], indicating that the approach chosen by Gunji et al.
might be better.

Study outcomes: reduction of intraperitoneal tumor
load

Another outcome parameter of interest here was the reduc-
tion in tumor load. This was determined as a reduction in
tumor number, weight, or volume, or change in photon
counts measured over time with an in-vivo imaging system.
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In most studies, the animals were sacrificed after a follow-up
period and the intraperitoneal tumor load had been deter-
mined. The results regarding this outcome are described in
Tables 5, 6, 7, and 8. Again, this outcome parameter is first
explained per cell line and thereafter in light of the two most
frequently used DDSs (hydrogel and microsphere).

PM model of colorectal origin

All sixteen studies with PM models of colorectal origin had
tumor load as an outcome parameter and all demonstrated
areduction in tumor load in the experimental group treated
with a DDS containing a cytostatic, compared to treatment
with a free cytostatic, an empty DDS, or no treatment. In
twelve studies, the tumor load was significantly lower in the
group with cytostatic-loaded DDS compared to the group
with the free drug. In one study, the difference was only
statistically significant compared to the no treatment group,
as displayed in Table 5.

PM model of gastric origin

In eleven out of the fourteen studies using a gastric can-
cer cell line, reduction of intraperitoneal tumor load
was described as an outcome parameter and five studies
described a significant difference between the group treated
with cytostatic-loaded DDS compared and the group treated
with free drug.

PM model of pancreatic- or liver origin

Only two of the seven studies using PM models of liver- or
pancreas origin described tumor load as an outcome. None
found a significant difference between animals treated with
a cytostatic-loaded DDS compared to animals treated with
a free drug.

DDSs: hydrogels

All DDS-hydrogel studies had the reduction of intraperi-
toneal tumor load as an outcome measure, as displayed in
Table 8. Despite using different cytostatic agents and testing
in various PM models, most (13 out of 14) studies using
a hydrogel described a significant reduction in tumor load
compared to the untreated group, whereas the majority (9
out of 14) described a significant reduction compared to IP
administration of the free drug.

For instance, Bae et al. used the same thermo-responsive
conjugated linoleic acid-coupled Pluronic F-127 hydrogel as a
controlled release intraperitoneal delivery system in two stud-
ies. In the first [46], 5-FU was loaded in the hydrogel system
and showed a significant inhibition of tumor growth at day 8 in
a model for colorectal PM. In the second [40], the delivery of

docetaxel was tested in a gastric PM model resulting in a sig-
nificant inhibition of tumor growth. Wang et al. also tested the
release of 5-FU from a thermo-responsive hydrogel (PECE)
in the same model system for colorectal PM (CT-26 cell-line)
[42]. However, due to the differences in dose, frequency of
administration, and inoculation period, it is difficult to com-
pare the suitability of the two respective hydrogel systems.
Three studies investigated a hydrogel system on the same
colorectal PM model with a single drug release: Chen et al.
used doxorubicin [47], Fan et al. used docetaxel +LL37 [37],
and Xu et al. used paclitaxel [48]. Since the outcome param-
eters for tumor load (tumor volume, number, and weight) were
different in all three studies, it is difficult to choose the best
type of cytostatic for this model. Another hydrogel system was
investigated by Qian et al. [49]. They investigated a hydrogel-
encapsulating red blood cell membrane nanoparticle using
paclitaxel in a PM model of gastric cancer, yet no comparison
can be made with other studies.

Three studies investigated the effect of different drugs
simultaneously delivered from one hydrogel system, all on
a colorectal PM model. Yun et al. investigated 5-FU & cis-
platin [33], Gong et al. paclitaxel & 5-FU [31], and Luo
et al. paclitaxel & cisplatin & 5-FU [32]. Tumor cell number,
inoculation period, and total follow-up period were compa-
rable between studies. Luo and Yun administered equivalent
dosages of 5-FU and cisplatin, but Gong et al. chose a lower
dosage, especially for 5-FU, which achieved a highly sig-
nificant effect.

DDSs: microspheres

All studies using microspheres had the reduction in intra-
peritoneal tumor load as an outcome measure. However,
only the two studies by Fan et al. reported a significant
reduction in tumor load [43, 44]. In these studies, colorectal
PM with identical cell number and inoculation period were
treated with a cytostatic-loaded microsphere and compared
to free drug. However, in the 2014 study, the docetaxel dose
used in the free drug group (4 mg/kg) was only half that of
the experimental group (8 mg/kg), making any comparison
between these groups difficult. In the 2016 study, docetaxel
was combined with curcumin to enhance the anti-tumor
effect. Both studies resulted in comparable effects dem-
onstrating the potential effects of docetaxel released from
a microsphere-DDS in this PM model. These results are
shown in Table 8.

Discussion
This systematic review has provided an overview of labo-

ratory animal studies in which a DDS containing a cyto-
static agent was used to treat PM of colorectal-, gastric-,

@ Springer



572

Clinical & Experimental Metastasis (2022) 39:541-579

liver- and pancreatic origin. Two outcome parameters have
been studied here: survival and reduction in intraperitoneal
tumor load. Of the 35 studies, 23 had survival as an outcome
parameter. In 15 (65%) of these studies, a statistically signifi-
cant longer median survival time was described in animals
treated with a DDS releasing a cytostatic, compared to treat-
ment with a free cytostatic, an empty DDS, or no treatment.
Furthermore, 25 studies investigated the effect on intraperi-
toneal tumor load; all studies reported the lowest tumor load
in animals treated with a DDS containing a cytostatic agent.
However, only in 6 (24%) of the studies this difference was
statistically significant.

The results found here do indicate that delivering a DDS
containing a cytostatic drug improves important clinical out-
comes in an experimental setting, despite the fact that a large
variety of DDSs, types of cytostatic agents, and types of
cell lines used to induce PM in the laboratory animals were
identified. The rationale behind treating PM using a DDS
is that a higher intraperitoneal chemotherapy concentration
can be administered for a prolonged period and with fewer
systemic side effects. In clinic, the commonly used types of
cytostatic agents to treat PM include paclitaxel, oxaliplatin,
cisplatin, and mitomycin C. Because of the relatively small
molecular weight (<20 kDa) of these drugs, the systemic
uptake and clearance are fast, so the presence of the drugs
without a DDS in the peritoneal cavity is, therefore, too
short for therapeutic purposes [50]. Pharmacokinetic animal
studies have revealed that docetaxel and paclitaxel cleared
within less than 24 h after intraperitoneal administration [51,
52]. Due to the controlled, regional releasing properties of
e.g. a hydrogel, it is possible to prolong exposure of tumor
nodules to cytostatics [50], which is expected to result in a
higher decrease in tumor load. Other types of DDSs have
different properties but with the same result, such as nano- or
microparticles, liposomes, or microspheres; these can accu-
mulate within tumor nodules through both enhanced perme-
ability and the retention effect and, therefore, provide deeper
penetration and prolonged exposure to cytostatics [53]. To
improve tumor selectivity and therapeutic efficiency, tumor
homing peptides such as iRGD or LL37 were linked to the
nanoparticles [28, 37].

An important point to discuss is the low methodological
quality of the included studies, something which seems to be
inherent to animal research in general [54, 55]. As described
in the results section, the reporting of methodology in the
studies was poor, which resulted in an unclear risk of bias
for the majority of the signaling items. In a similar vein,
important methodological topics, such as randomization of
animals over the treatment groups and information about
the outcome assessor, tended not to be described according
to the Animal Research: Reporting of In Vivo Experiments
(ARRIVE) guidelines [56]. Therefore, the results need to
be interpreted with caution. In addition, we must keep in

@ Springer

mind that there is most likely an underreporting of studies
in which the experimental DDSs had none or limited effect
on outcomes of interest. Underreporting of negative results
is inherent to research in general.

This systematic review has shown that administrating
cytostatic drugs via a DDS might be useful in improving
several important clinical outcomes such as survival or
tumor load in an experimental animal setting. An important
question is, however, how to translate these findings into
clinical practice. First, it is important to select the patient
group that will be best suited for treatment with a DDS con-
taining a cytostatic agent. From clinical practice, in the cur-
rent curative treatment option of PM, it is recognized that
removing all macroscopic tumor nodules during cytoreduc-
tive surgery is the most important prognostic determinant.
In none of the studies included here was cytoreductive sur-
gery performed before the DDS was administered. As the
inoculation period was relatively short for most studies, the
resulting limited peritoneal tumor load mimics the situation
directly after the curative-intent cytoreductive surgery proce-
dure [57]. Replacing the HIPEC procedure by administrating
the cytostatic-loaded DDS could be considered, as this has
the advantage of prolonged intra-abdominal exposure time to
the cytostatic. Treatment with a DDS containing a cytostatic
agent might be effective in improving the MST in a patient
group with limited PM after cytoreductive surgery.

For the patients with an advanced stage of PM who are
not eligible for curative-intent CRS treatment, the DDS
administration could be considered a palliative option to
prolong life.

In this respect, Lu et al. investigated the effect of a cyto-
static-loaded DDS on both early- and late-stage PM of pan-
creatic origin. The MST in the early-stage group of animals
treated with a DDS containing a cytostatic was much longer
than in the late-stage group. However, a statistically signifi-
cant longer MST was also found in the late-stage animals
treated with a paclitaxel-loaded DDS compared to the free
paclitaxel suggesting that DDS loaded with cytostatic might
indeed have an additional value also in the palliative set-
ting [58]. The second point is how clinically relevant the
improved outcomes are for the patient. For example, does
the improvement in survival translate into a prolonged life
expectancy of days, weeks, or maybe even months?

It is notable that none of these studies described com-
plications or side effects observed in the animals after
administration, apart from changes in body weight in the
first days after administrating the DDS in some of the stud-
ies. It seems, however, highly unlikely that there were no
such effects at all. To outweigh the benefit of the improved
clinical outcomes against the possible harm caused by the
treatment with a cytostatic-loaded DDS, it is important to
gain greater insight into potential complications before
doing research with larger laboratory animals and clinical
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trials. To the best of our knowledge, no clinical trials
have been published yet in which a certain type of DDS
was used to treat PM originating from colorectal-, gas-
tric-, pancreatic- or liver cancer. However, several phase I
studies primarily investigating the safety, tolerability, and
pharmacokinetics of a nanoparticle albumin-bound pacli-
taxel have been published, and those have revealed the
safety of this cytostatic-loaded DDS [59, 60].

An important finding of this systematic review is that
quite a few experimental studies have already been con-
ducted into this topic, yet none have used the same experi-
mental setting. Indeed, the large variety in choice of type
of DDS, type, and dose of cytostatic, or cell line used
to induce PM makes it difficult to determine the optimal
treatment. Therefore, we encourage collaboration between
researchers and clinical physicians treating patients with
PM when designing new studies so as to ensure that clini-
cal relevance is taken into account.

The gap between clinical practice and preclinical exper-
iments might be shortened by using organoids [61]. Orga-
noids, which are derived from tissue and ascites samples
taken from patients with PM, capture the functional het-
erogeneity and genetic phenotypic characteristics of PM.
Organoid technology makes it possible to create more real-
istic PM models to test DDSs, as the therapeutic response
to these models would be more similar to the response
observed in the clinic.

From a more technical point of view, a more rational
approach is needed to the design of the DDS and the type
of drug than the current ad hoc approach in the preclini-
cal experimental literature. In clinical i.p. chemotherapy,
a handful of chemotherapeutics are used to treat PM from
the different gastro-intestinal origins [24, 62—64]. How-
ever, that does not mean that one drug alone is effective
in treating every type of PM. In clinical practice, specific
drugs are preferred for the treatment of each type of PM:
for instance, mitomycin C for colorectal and appendicu-
lar PM, taxanes (paclitaxel and docetaxel) for gastric and
ovarian PM, irinotecan and 5-FU for colorectal PM, and
platinum-based agents for colorectal, gastric, and ovarian
PM. In this context, for some of the studies included here,
there appears to be a mismatch in the selected drug and
model system.

A rational design should also be applied to the combina-
tion of DDSs and cytostatic drugs. For example, hydropho-
bic drugs such as taxanes and irinotecan are incorporated
in the hydrophobic polymer domains of thermo-reversible
hydrogels or micro- and nanoparticles, resulting in increased
retention. More hydrophilic compounds such as mitomycin
C, or 5-FU are retained less efficiently in similar systems.
For platinum-based compounds, metal-complexation strate-
gies could be used to link the drug to the carboxylic groups
of the DDS.

To realize drug release rates and concentrations that are
expected to be safe and effective in the clinical practice
research should be based on pharmacokinetic data from
previous clinical studies. A thorough understanding of the
interactions between the drug and DDS, and resulting drug
retention, should be utilized.

This study is the first systematic review to comprehen-
sively describe the effectiveness of DDSs for the treatment
of PM of gastro-intestinal origin in experimental studies.
Previously, van Oudheusden et al. had summarized the
available from studies up to 2015 but did not systematically
describe the results on survival and tumor-load [65]. The
most important limitation of our review is that it was impos-
sible to conduct a meta-analysis because of the large hetero-
geneity between the studies and their rather poor methodo-
logical quality and reporting. All of the studies found the
longest survival time for animals treated with a cytostatic-
loaded DDS. Also, none described a higher tumor load in the
group treated with a cytostatic-loaded DDS compared to a
free cytostatic. These findings perhaps indicate publication
bias. It is estimated that only half of all laboratory animal
research is published, with lack of statistical significance
often the most important reasons for non-publication [66].
Thus, negative results in animal experimental studies have
less chance of being published. Possible solutions for this
problem have already been suggested, for example special
journals for ‘negative’ results, or initially submitting a man-
uscript but without any results [67]. Adopting such measures
might give a more realistic idea of how effective certain
novel treatment modalities are before they are considered
for implementation in the clinic. Another limitation of this
review is that studies published before the year 2000 were
excluded. The rationales behind this are that we think that
the most interesting DDS developments took place within
the last two decades. Also, promising DDS developed before
this period would most probably have already resulted in
clinical implementation. Therefore, we aimed on focusing
only on more recent studies. The final possible limitation of
this review is that it has only included studies regarding PM
from a gastro-intestinal origin and thus does not provide a
complete overview of all available PM studies is given.

Conclusion

Based on the results presented, the delivery of a cytostatic
with a DDS might lead to a higher median survival time
and a lower intraperitoneal tumor-load compared to no treat-
ment or treatment with free cytostatics or an empty DDS.
Nevertheless, due to the poor methodological quality and
reporting, any interpretation of results needs to be done with
caution. The large variety in experimental setup makes it
impossible to identify the optimal combination of DDSs and
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type of cytostatic for a specific tumor origin. Future stud-
ies should thus focus more on collaborating with clinical
experts to design the studies in such way that their results
would be clinically relevant. Greater attention should also
be paid to the methodological quality and reporting of the
experiments. Similarly, any complications and side effects
of the administered novel therapy should be reported as an
outcome. Additionally, more effort should be put into hav-
ing animal studies with negative results published as well,
so as to avoid treatment effects being overestimated. Finally,
standardization of the experimental designs should be taken
into account. When designing a new study in which a novel
DDS is investigated, several items have to be considered
for design in a standardized manner, such as the choice of
animal species, cell line, and number of cells used to induce
PM, inoculation period, and therapeutic dose of the cyto-
static agent.

Appendix 1

PubMed search

((CCCCC((((Peritoneal cancer*[tiab]) OR Peritoneal
carcinomatos*[tiab]) OR Peritoneal metastas*[tiab])
OR Intraperitoneal tumo*[tiab]) OR Intra-peritoneal
tumo*[tiab]) OR Peritoneal tumo*[tiab]) OR Peritoneal
malignanc*[tiab]) OR Peritoneal surface malignanc*[tiab])
OR Peritoneal neoplasm*[tiab])) OR "Peritoneal
Neoplasms"[Mesh]))) AND

(CCCCCCCCCCCCCCC((((Hydrogel*[tiab]) OR
Nanoparticle*[tiab]) OR Nano-particle*[tiab])
OR Micelle*[tiab]) OR Microsphere*[tiab]) OR
Micro-sphere*[tiab]) OR Microparticle*[tiab])
OR Micro-particle*[tiab]) OR Liposome*[tiab])
OR Nanocarrier*[tiab]) OR Dendrimer*[tiab]) OR
Polymer*[tiab]) OR Carrier*[tiab]) OR Microcapsule*[tiab])
OR Micro-capsule*[tiab]) OR Drug delivery system*[tiab])
OR Drug targeting*[tiab])) OR "Drug Delivery
Systems"[Mesh]))) AND

(((((("animal experimentation"[MeSH] OR "mod-
els, animal"[MeSH] OR "invertebrates"[MeSH]
OR "Animals"[Mesh:noexp] OR "animal popu-
lation groups"[MeSH] OR "chordata"[MeSH
Terms:noexp] OR "chordata, nonvertebrate"[MeSH]
OR "vertebrates"[MeSH] OR "amphibians"[MeSH]
OR '"birds"[MeSH] OR "fishes"[MeSH] OR
"reptiles"[MeSH] OR "mammals"[MeSH Terms:noexp] OR
"primates"[MeSH Terms:noexp] OR "artiodactyla"[MeSH]
OR '"carnivora"[MeSH] OR "cetacea"[MeSH] OR
"chiroptera"[MeSH] OR "elephants"[MeSH] OR
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"hyraxes"[MeSH] OR "insectivora"[MeSH] OR
"lagomorpha"[MeSH] OR "marsupialia"[MeSH] OR
"monotremata”"[MeSH] OR "perissodactyla"[MeSH]
OR '"rodentia"[MeSH] OR "scandentia"[MeSH]
OR "sirenia"[MeSH] OR "xenarthra"[MeSH] OR
"haplorhini"[MeSH Terms:noexp] OR "strepsirhini"[MeSH]
OR '"platyrrhini"[MeSH] OR "tarsii"[MeSH] OR
"catarrhini"[MeSH] OR "cercopithecidae"[MeSH] OR
"hylobatidae"[MeSH] OR "hominidae"[MeSH Terms] OR
"gorilla gorilla"[MeSH] OR "pan paniscus"[MeSH] OR
"pan troglodytes"[MeSH] OR "pongo pygmaeus"[MeSH])
OR ((animals[tiab] OR animal[tiab] OR mice[tiab]
OR mus[tiab] OR mouse[tiab] OR murine[tiab] OR
woodmouse[tiab] OR rats[tiab] OR rat[tiab] OR
murinae[tiab] OR muridae[tiab] OR cottonrat[tiab] OR
cottonrats[tiab] OR hamster[tiab] OR hamsters[tiab] OR
cricetinae[tiab] OR rodentia[tiab] OR rodent[tiab] OR
rodents[tiab] OR pigs[tiab] OR pig[tiab] OR swine[tiab] OR
swines[tiab] OR piglets[tiab] OR piglet[tiab] OR boar[tiab]
OR boars[tiab] OR "sus scrofa"[tiab] OR ferrets[tiab] OR
ferret[tiab] OR polecat[tiab] OR polecats[tiab] OR "mustela
putorius"[tiab] OR "guinea pigs"[tiab] OR "guinea pig"[tiab]
OR cavia[tiab] OR callithrix[tiab] OR marmoset[tiab] OR
marmosets[tiab] OR cebuella[tiab] OR hapale[tiab] OR
octodon[tiab] OR chinchilla[tiab] OR chinchillas[tiab]
OR gerbillinae[tiab] OR gerbil[tiab] OR gerbils[tiab] OR
jird[tiab] OR jirds[tiab] OR merione[tiab] OR meriones|[tiab]
OR rabbits[tiab] OR rabbit[tiab] OR hares[tiab] OR
hare[tiab] OR diptera[tiab] OR flies[tiab] OR fly[tiab] OR
dipteral[tiab] OR drosophila[tiab] OR drosophilidae[tiab]
OR cats[tiab] OR cat[tiab] OR carus[tiab] OR felis[tiab]
OR nematoda[tiab] OR nematode[tiab] OR nematodes[tiab]
OR sipunculida[tiab] OR dogs[tiab] OR dog[tiab] OR
canine[tiab] OR canines[tiab] OR canis[tiab] OR sheep[tiab]
OR sheeps[tiab] OR mouflon[tiab] OR mouflons[tiab] OR
ovis[tiab] OR goats[tiab] OR goat[tiab] OR capra[tiab] OR
capras[tiab] OR rupicapra[tiab] OR rupicapras[tiab] OR
chamois[tiab] OR haplorhini[tiab] OR monkey[tiab] OR
monkeys[tiab] OR anthropoidea[tiab] OR anthropoids[tiab]
OR saguinus[tiab] OR tamarin[tiab] OR tamarins[tiab] OR
leontopithecus[tiab] OR hominidae[tiab] OR ape[tiab]
OR apes[tiab] OR "pan paniscus"[tiab] OR bonobo[tiab]
OR bonobos[tiab] OR "pan troglodytes"[tiab] OR
gibbon[tiab] OR gibbons[tiab] OR siamang[tiab] OR
siamangs[tiab] OR nomascus[tiab] OR symphalangus[tiab]
OR chimpanzee[tiab] OR chimpanzees[tiab] OR
prosimian[tiab] OR prosimians[tiab] OR "bush baby"[tiab]
OR bush babies[tiab] OR galagos[tiab] OR galago[tiab] OR
pongidae[tiab] OR gorilla[tiab] OR gorillas[tiab] OR "pongo
pygmaeus"[tiab] OR orangutan[tiab] OR orangutans[tiab]
OR lemur[tiab] OR lemurs[tiab] OR lemuridae[tiab]
OR horse[tiab] OR horses[tiab] OR equus[tiab] OR
cow[tiab] OR calf[tiab] OR bull[tiab] OR chicken[tiab]
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OR chickens[tiab] OR gallus[tiab] OR quail[tiab] OR
bird[tiab] OR birds[tiab] OR quails[tiab] OR poultry[tiab]
OR poultries[tiab] OR fowl[tiab] OR fowls[tiab] OR
reptile[tiab] OR reptilia[tiab] OR reptiles[tiab] OR
snakes[tiab] OR snake[tiab] OR lizard[tiab] OR lizards[tiab]
OR alligator[tiab] OR alligators[tiab] OR crocodile[tiab]
OR crocodiles[tiab] OR turtle[tiab] OR turtles[tiab] OR
amphibian[tiab] OR amphibians[tiab] OR amphibia[tiab]
OR frog[tiab] OR frogs[tiab] OR bombina[tiab] OR
salientia[tiab] OR toad[tiab] OR toads[tiab] OR "epidalea
calamita"[tiab] OR salamander[tiab] OR salamanders[tiab]
OR ecl[tiab] OR eels[tiab] OR fish[tiab] OR fishes[tiab]
OR pisces[tiab] OR catfish[tiab] OR catfishes[tiab] OR
siluriformes[tiab] OR arius[tiab] OR heteropneustes[tiab]
OR sheatfish[tiab] OR perch[tiab] OR perches[tiab] OR
percidae[tiab] OR perca[tiab] OR trout[tiab] OR trouts[tiab]
OR char[tiab] OR chars[tiab] OR salvelinus[tiab] OR
minnow[tiab] OR cyprinidae[tiab] OR carps[tiab] OR
carp[tiab] OR zebrafish[tiab] OR zebrafishes[tiab] OR
goldfish[tiab] OR goldfishes[tiab] OR guppy[tiab] OR
guppies[tiab] OR chub[tiab] OR chubs[tiab] OR tinca[tiab]
OR barbels[tiab] OR barbus[tiab] OR pimephales[tiab]
OR promelas[tiab] OR "poecilia reticulata"[tiab] OR
mullet[tiab] OR mullets[tiab] OR eel[tiab] OR eels[tiab] OR
seahorse[tiab] OR seahorses[tiab] OR mugil curema[tiab]
OR atlantic cod[tiab] OR shark[tiab] OR sharks[tiab] OR
catshark[tiab] OR anguilla[tiab] OR salmonid[tiab] OR
salmonids[tiab] OR whitefish[tiab] OR whitefishes[tiab]
OR salmon[tiab] OR salmons[tiab] OR sole[tiab] OR
solea[tiab] OR lamprey[tiab] OR lampreys[tiab] OR
pumpkinseed[tiab] OR sunfish[tiab] OR sunfishes[tiab]
OR tilapia[tiab] OR tilapias[tiab] OR turbot[tiab] OR
turbots[tiab] OR flatfish[tiab] OR flatfishes[tiab] OR
sciuridae[tiab] OR squirrel[tiab] OR squirrels[tiab] OR
chipmunk[tiab] OR chipmunks[tiab] OR suslik[tiab] OR
susliks[tiab] OR vole[tiab] OR voles[tiab] OR lemming|[tiab]
OR lemmings[tiab] OR muskrat[tiab] OR muskrats[tiab] OR
lemmus|[tiab] OR otter[tiab] OR otters[tiab] OR marten[tiab]
OR martens[tiab] OR martes[tiab] OR weasel[tiab] OR
badger[tiab] OR badgers[tiab] OR ermine[tiab] OR
mink[tiab] OR minks[tiab] OR sable[tiab] OR sables[tiab]
OR gulo[tiab] OR gulos[tiab] OR wolverine[tiab] OR
wolverines[tiab] OR mustela[tiab] OR 1llama[tiab] OR
llamas[tiab] OR alpaca[tiab] OR alpacas[tiab] OR
camelid[tiab] OR camelids[tiab] OR guanaco[tiab] OR
guanacos[tiab] OR chiroptera[tiab] OR chiropteras[tiab]
OR bat[tiab] OR bats[tiab] OR fox[tiab] OR foxes[tiab]
OR iguana[tiab] OR iguanas[tiab] OR xenopus laevis[tiab]
OR parakeet[tiab] OR parakeets[tiab] OR parrot[tiab]
OR parrots[tiab] OR donkey[tiab] OR donkeys[tiab] OR
mule[tiab] OR mules[tiab] OR zebra[tiab] OR zebras|tiab]
OR shrew([tiab] OR shrews[tiab] OR bison[tiab] OR
bisons[tiab] OR buffalo[tiab] OR buffaloes[tiab] OR

deer[tiab] OR deers[tiab] OR bear[tiab] OR bears[tiab] OR
panda[tiab] OR pandas[tiab] OR "wild hog"[tiab] OR "wild
boar"[tiab] OR fitchew[tiab] OR fitch[tiab] OR beaver[tiab]
OR beavers[tiab] OR jerboa[tiab] OR jerboas[tiab] OR
capybara[tiab] OR capybaras[tiab] OR canine [tiab] OR
bovine [tiab] OR porcine [tiab] OR hog [tiab] OR hogs
[tiab]) NOT medline[sb])))))).

Embase search

1. exp peritoneum cancer/

2. (peritoneal cancer* or peritoneal carcinomatos* or peri-
toneal metastas* or intraperitoneal tumo* or peritoneal
tumo* or peritoneal malignanc* or peritoneal surface
malignanc* or peritoneal neoplasm*).ab,kwiti.

3. lor2

exp drug delivery system/

5. (hydrogel* or nanoparticle* or micelle* or microsphere*
or microparticle* or liposome* or nanocarrier* or den-
drimer* or polymer* or carrier* or microcapsule* or
drug delivery system™ or drug targeting*).ab,kw,ti.

6. 4or5

7. exp animal experiment/ or exp animal model/ or exp
experimental animal/ or exp transgenic animal/ or exp
male animal/ or exp female animal/ or exp juvenile ani-
mal/ or animal/ or chordata/ or vertebrate/ or tetrapod/
or exp fish/ or amniote/ or exp amphibia/ or mammal/ or
exp reptile/ or exp sauropsid/ or therian/ or exp monotre-
mate/ or placental mammals/ or exp marsupial/ or Euar-
chontoglires/ or exp Afrotheria/ or exp Boreoeutheria/
or exp Laurasiatheria/ or exp Xenarthra/ or primate/ or
exp Dermoptera/ or exp Glires/ or exp Scandentia/ or
Haplorhini/ or exp prosimian/ or simian/ or exp tarsii-
form/ or Catarrhini/ or exp Platyrrhini/ or ape/ or exp
Cercopithecidae/ or hominid/ or exp hylobatidae/ or exp
chimpanzee/ or exp gorilla/ or exp orang utan/ or (ani-
mal or animals or pisces or fish or fishes or catfish or
catfishes or sheatfish or silurus or arius or heteropneus-
tes or clarias or gariepinus or fathead minnow or fathead
minnows or pimephales or promelas or cichlidae or trout
or trouts or char or chars or salvelinus or salmo or onco-
rhynchus or guppy or guppies or millionfish or poecilia
or goldfish or goldfishes or carassius or auratus or mullet
or mullets or mugil or curema or shark or sharks or cod
or cods or gadus or morhua or carp or carps or cyprinus
or carpio or killifish or eel or eels or anguilla or zander
or sander or lucioperca or stizostedion or turbot or tur-
bots or psetta or flatfish or flatfishes or plaice or pleu-
ronectes or platessa or tilapia or tilapias or oreochromis
or sarotherodon or common sole or dover sole or solea
or zebrafish or zebrafishes or danio or rerio or seabass
or dicentrarchus or labrax or morone or lamprey or lam-

e
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preys or petromyzon or pumpkinseed or pumpkinseeds
or lepomis or gibbosus or herring or clupea or harengus
or amphibia or amphibian or amphibians or anura or
salientia or frog or frogs or rana or toad or toads or bufo
or xenopus or laevis or bombina or epidalea or calamita
or salamander or salamanders or newt or newts or tritu-
rus or reptilia or reptile or reptiles or bearded dragon
or pogona or vitticeps or iguana or iguanas or lizard or
lizards or anguis fragilis or turtle or turtles or snakes or
snake or aves or bird or birds or quail or quails or cotur-
nix or bobwhite or colinus or virginianus or poultry or
poultries or fowl or fowls or chicken or chickens or gal-
lus or zebra finch or taeniopygia or guttata or canary or
canaries or serinus or canaria or parakeet or parakeets or
grasskeet or parrot or parrots or psittacine or psittacines
or shelduck or tadorna or goose or geese or branta or
leucopsis or woodlark or lullula or flycatcher or ficedula
or hypoleuca or dove or doves or geopelia or cuneata or
duck or ducks or greylag or graylag or anser or harrier
or circus pygargus or red knot or great knot or calidris
or canutus or godwit or limosa or lapponica or meleagris
or gallopavo or jackdaw or corvus or monedula or ruff or
philomachus or pugnax or lapwing or peewit or plover or
vanellus or swan or cygnus or columbianus or bewickii
or gull or chroicocephalus or ridibundus or albifrons or
great tit or parus or aythya or fuligula or streptopelia or
risoria or spoonbill or platalea or leucorodia or blackbird
or turdus or merula or blue tit or cyanistes or pigeon
or pigeons or columba or pintail or anas or starling or
sturnus or owl or athene noctua or pochard or ferina
or cockatiel or nymphicus or hollandicus or skylark or
alauda or tern or sterna or teal or crecca or oystercatcher
or haematopus or ostralegus or shrew or shrews or sorex
or araneus or crocidura or russula or european mole or
talpa or chiroptera or bat or bats or eptesicus or serotinus
or myotis or dasycneme or daubentonii or pipistrelle or
pipistrellus or cat or cats or felis or catus or feline or
dog or dogs or canis or canine or canines or otter or
otters or lutra or badger or badgers or meles or fitchew or
fitch or foumart or foulmart or ferrets or ferret or polecat
or polecats or mustela or putorius or weasel or weasels
or fox or foxes or vulpes or common seal or phoca or
vitulina or grey seal or halichoerus or horse or horses
or equus or equine or equidae or donkey or donkeys or
mule or mules or pig or pigs or swine or swines or hog
or hogs or boar or boars or porcine or piglet or piglets
or sus or scrofa or llama or llamas or lama or glama or
deer or deers or cervus or elaphus or cow or cows or bos
taurus or bos indicus or bovine or bull or bulls or cattle
or bison or bisons or sheep or sheeps or ovis aries or
ovine or lamb or lambs or mouflon or mouflons or goat
or goats or capra or caprine or chamois or rupicapra
or leporidae or lagomorpha or lagomorph or rabbit or
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rabbits or oryctolagus or cuniculus or laprine or hares
or lepus or rodentia or rodent or rodents or murinae or
mouse or mice or mus or musculus or murine or wood-
mouse or apodemus or rat or rats or rattus or norvegicus
or guinea pig or guinea pigs or cavia or porcellus or
hamster or hamsters or mesocricetus or cricetulus or
cricetus or gerbil or gerbils or jird or jirds or meriones
or unguiculatus or jerboa or jerboas or jaculus or chin-
chilla or chinchillas or beaver or beavers or castor fiber
or castor canadensis or sciuridae or squirrel or squirrels
or sciurus or chipmunk or chipmunks or marmot or mar-
mots or marmota or suslik or susliks or spermophilus
or cynomys or cottonrat or cottonrats or sigmodon or
vole or voles or microtus or myodes or glareolus or pri-
mate or primates or prosimian or prosimians or lemur
or lemurs or lemuridae or loris or bush baby or bush
babies or bushbaby or bushbabies or galago or galagos
or anthropoidea or anthropoids or simian or simians or
monkey or monkeys or marmoset or marmosets or cal-
lithrix or cebuella or tamarin or tamarins or saguinus
or leontopithecus or squirrel monkey or squirrel mon-
keys or saimiri or night monkey or night monkeys or
owl monkey or owl monkeys or douroucoulis or aotus
or spider monkey or spider monkeys or ateles or baboon
or baboons or papio or rhesus monkey or macaque or
macaca or mulatta or cynomolgus or fascicularis or
green monkey or green monkeys or chlorocebus or
vervet or vervets or pygerythrus or hominoidea or ape
or apes or hylobatidae or gibbon or gibbons or siamang
or siamangs or nomascus or symphalangus or hominidae
or orangutan or orangutans or pongo or chimpanzee or
chimpanzees or pan troglodytes or bonobo or bonobos or
pan paniscus or gorilla or gorillas or troglodytes).ti,ab.
8. 3and 6 and 7.
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