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The feasibility and effect of intraperitoneal administration of regorafenib on peritoneal carcinomatosis
from colorectal cancer in the rat.

AIM: Our goal was to investigate the potential use and efficacy of regorafenib for IPEC in an animal model of col-
orectal derived peritoneal metastases. Twenty four male rats were included. Carcinogenesis was induced in all rats through
intraperitoneal injection of cancer.
MATERIAL AND METHODS: Cells at T0. At T1(Day 28) they were randomly allocated 1:1:1:1 into 4 groups and under-
went median laparotomy and the corresponding intervention. Specifically, Group A: no other intervention; Group B: cytore-
ductive surgery; Group C: intraperitoneal chemotherapy with regorafenib; and Group D: cytoreductive surgery and intraperi-
toneal chemotherapy with regorafenib. At T2 (Day 56) rats were euthanized and laparotomy was performed for further
investigation. The primary outcome was the experimental Peritoneal Cancer Index (ePCI) at T2. Secondary outcomes
include relative change of body weight between T1 and T2, weight of the ascites, anastomotic leak/peritonitis and death.
RESULTS: The ePCI was significantly lower in Group D as opposed to all other groups. Comparing Group C versus
Group A we found a trend towards lesser tumor progression, but no significant difference. Growth of rats in Group D
was significantly least affected compared to all other groups. Animals undergoing CRS in Group B developed less ascites
than Group A and C. Less ascites was found in Group D compared to Group A and C. 
CONCLUSIONS: Intraperitoneal chemotherapy with regorafenib combined with cytoreductive surgery may impair metas-
tases’ progression.
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researchers have also been attracted by the potential of
intraperitoneal chemotherapy (IPEC). IPEC was devel-
oped in an effort to achieve high concentration of
chemotherapeutic regimens at the metastases’ site as the
blood–peritoneum barrier is considered to limit trans-
membrane transport of drugs and their actual bioavail-
ability at cancer cells 4. 
Regorafenib has been successfully used as salvage oral
therapy for patients with metastatic colorectal cancer
owing to its multiple actions towards tumor oncogene-
sis and expansion 5. Its survival benefit compared to
placebo, in phase III trials, has rendered it a core treat-
ment regimen in this patient population 6. Regorafenib

Introduction

Chemotherapy has had significant advancements the past
two decades to improve not only patient survival but
also patient convenience and quality of life 1-3. Oral
chemotherapy has evolved in this direction, while
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is a multi-kinase inhibitor that alters tumor angiogene-
sis [VEGFR1–3 and tyrosine kinase with immunoglob-
ulin and epidermal growth factor homology domain 2
(TIE2)], oncogenesis (KIT, RET, RAF, BRAF) and the
tumor stroma [platelet‐derived growth factor receptor‐β
and fibroblast growth factor receptor (FGFR)18] 7,8. The
multifaceted profile of regorafenib raises the hypothesis
of its potential use for IPEC and has not been studied
yet at preclinical or clinical level. The additive role of
cytoreduction remains also to be studied. 
Drawing from these considerations, in this preclinical
pilot study, we aimed to investigate the feasibility of
intraperitoneal chemotherapy with regorafenib combined
with cytoreductive surgery (CRS) or not and its effect
on the progression of metastatic colorectal cancer in a
rat model.

Materials and Methods

PROTOCOL

This is a randomized, prospective animal study. Rats were
chosen with respect to their similar biological course of
colorectal cancer, previous published experimental mod-
els and facilities in our experimental lab to allow for
proper conduction of the experiment. The study was
designed in accordance to the European regulations for
the care of animals subject to laboratory research and
approved by the ethical committee of the Veterinary
Medicine Department of Central Macedonia in Greece
(577170/2467). The experiments and the reporting data
are performed and published in accordance to the arrive
(Animal Research: Reporting of In Vivo Experiments)
guidelines 2.0(9).

EXPERIMENTAL PROCEDURES

Twenty-four male Wistar rats 10-14 weeks old, weigh-
ing 200-300g were housed in a controlled temperature
and humidity environment (18-22 °C and 55-60%) with
interchangeable 12h intervals of light and dark. They
were provided with water and food ad libitum. Male
rats were chosen to prevent interference with hormone-
related factors.
The HT-29 (ATCC® HTB-38™) cell line was purchased
from ATCC LGC Standards (http://www.lgcstandards-
atcc.org). HT-29 cell line has been isolated from a pri-
mary tumor of human colon and forms well differenti-
ated adenocarcinoma. It was cultured in vitro and was
incubated at 37 °C under atmospheric conditions of 95%
humidity and 5% composition of carbon dioxide in
McCoy’s 5A Medium (ATCC® 30-2007™) supplement-
ed with 10% Fetal Bovine Serum (FBS) ATCC® 30-
2020™. Cell lines were cultured in Coming’s tissue cul-
ture flasks (25,75 cm2) according to the manufacturer’s

protocol. After cultures reached confluence, by micro-
scope observation were then subcultured. Enzymatic
detaching of HT-29 cells was achieved by 0.25% (w/v)
Trypsin - 0.53 mM EDTA solution. The concentration
and viability of cancer cells (cells/ml) were determined
in a Neubauer chamber after trypan blue staining.
Aliquots of 2 ml solutions containing 106/ml cancer cells
were prepared for injection in each animal. 
At T=0, carcinogenesis was induced in all rats. Under
general anesthesia facilitated by ketamine (50mg/kg) and
xylazine (5mg/kg), the rats underwent median laparoto-
my and cancer cells were injected at the right lower
quadrant of the abdomen and the cecum mesentery. All
animals were administered analgesics during the first 3
postoperative days and remained housed as aforemen-
tioned for a total of 28 days. 
At T=1 (Day 28) the rats were weighed and then ran-
domly allocated, 1:1:1:1, in 4 groups through electron-
ic software. According to the study design, the animals
were divided in Group A: control, median laparotomy
without any other intervention; Group B: median laparo-
tomy and cytoreductive surgery; Group C: median
laparotomy and intraperitoneal chemotherapy with rego-
rafenib (BAY 73-4506); and Group D: median laparo-
tomy, cytoreductive surgery and intraperitoneal
chemotherapy with regorafenib. All procedures were per-
formed under general anesthesia. The surgeon was blind-
ed as to the identity of the animal. Ten different sites
were inspected (subcutaneous, injection site, greater
omentum, liver hilum, liver, perisplenic region, mesen-
tery, gonadal fatpad, diaphragm, parietal peritoneum).
Concerning Groups B and D, right hemicolectomy com-
bined with end-to-side anastomosis was performed in all
rats, along with CRS. CRS aimed at radical removal of
all macroscopic tumor deposits and involved peritonec-
tomy, omentectomy, liver metastasectomy and removal
of the mesentery nodules when feasible. In case of irre-
sectable tumor deposits in sensitive regions such as liv-
er hilum, spleen hilum, diaphragm or mesenterium, cau-
terization using an electrocoagulation device was per-
formed in order to avoid additional animal stress and
postoperative complications. In terms of IPEC with rego-
rafenib (Group C and D), a suspension was formed with
regorafenib (10 mg/kg) and 250 ml of isothermic nor-
mal saline 0.9% while in Group A and B it contained
only 250 ml of isothermic normal saline 0.9%. Every 2
minutes, 10 ml of the prepared solution were infused
and then removed. 
After the complete administration, the abdominal cavity
was rinsed with 0.9% normal saline 10. Regorafenib was
provided by Selleck Chemicals, USA. Regorafenib was
administered at 10 mg/kg in a single dose for each rat
which lead to exposures in the range of the respective
human dose of 160 mg. 11,12.
All rats were followed-up for 28 days (T2, Day 56) and
euthanized at T2 by means of CO2 inhalation for fur-
ther investigations. Then, median laparotomy was per-
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formed. The experimental Peritoneal Cancer Index
(ePCI) was measured after careful inspection of 10
regions as described by Klaver et al.110 Each region was
classified as 0, no macroscopic tumour; 1, limited
tumour growth (diameter 1-2 mm); 2, moderate tumour
growth (diameter 2-4 mm); or 3, abundant (diameter
more than 4 mm).The resulting sum is the ePCI, rang-
ing from 0 to 30 and is presented in Table I. At last,
tumor specimens or the diaphragm and greater omen-
tum (in case of absence of visible tumor) were resected
for pathological study to verify the presence of cancer
cells. At the event of premature death of a rat, the time
of death was recorded, and the aforementioned proce-
dure was applied. 

PRIMARY AND SECONDARY OUTCOMES

The primary outcome is the experimental Peritoneal
Cancer Index (ePCI) at T2. Secondary outcomes include
the relative change of body weight between T1 and T2,
the weight of the ascites, anastomotic leak/peritonitis and
death. 

STATISTICAL ANALYSIS

This trial is a pilot study to investigate the effect of
intraperitoneal chemotherapy with regorafenib combined
or not with cytoreductive surgery on the progression of
metastatic colorectal cancer. Therefore, no sample size
calculation was performed. We assigned randomly and
equally six rats in each group, and we ended up with
twenty-four specimens.
Variables were classified as categorical and numerical.
Numerical variables were subjected to assessment of nor-
mality though P-P, Q-Q diagrams and the Kolmogorov-
Smirnov and Shapiro-Wilk tests. Descriptive analysis was
performed for each variable and study group. Regarding
continuous variables mean ± SD and parametric tests
were used, if their distribution was normal, or medians,
interquartile range values and non-parametric tests if the
distribution was non-normal. Categorical 
to treat analysis was also performed. variables were sum-
marized as absolute frequencies and percentages.
Data from each group were compared with repeated
measure ANOVA or Friedman test according to their
distribution and Levene’s Test for the equality of vari-
ances assessment. In case of significant difference
(p>0,05), the Bonferroni test or non- parametric Mann-
Whitney was implemented. For multiple comparisons,
the Bonferroni correction was used. Chi-square or
Fisher’s exact test were used for pairwise comparisons of
proportions, as appropriate. Intention
The SPSS software (IBM Corp. Released 2016. IBM
Statistics for Windows, Version 23.0. Armonk, NY: IBM
Corp.) was utilized for statistical analyses.

Results

Twenty four rats were included in the study and ran-
domised into the 4 arms. Body weight at T0 did not
differ between groups. Cancer cells were implanted at
T0 as described. Peritoneal carcinomatosis was evident
in all rats at T1 and ePCI did not differ between groups
at that timepoint. Weight gain was impaired in all groups
but changes among groups were similar. After inspection
of the metastases, the surgeon was instructed to operate
the animals depending on their assigned arm. At T2,
the final weight of the rats was measured. The charac-
teristics of the population are presented in Table I.

PRIMARY OUTCOMES

The ePCI of groups A, B, C and D were 14.3±1.5, 7±2.2,
12.3±2.3 and 5.6±1.9, respectively. The ePCI was signifi-
cantly lower in Group D as opposed to all other groups
(p<0.05, Table II, Fig. I). Looking into Group C versus
Group A we found a trend towards lesser tumor pro-
gression, but no statistically significant findings were
recorded (p=0.2). Moreover, CRS and IPEC (Group D)
significantly reduced ePCI compared to CRS alone (Group
B vs Group D; 5.6±1.9 vs 12.3±2.3; p= 0.039). 
The relative ePCI and weight change from T1 to T2 was
computed and analyzed for each group (Table II). Growth
of rats in Group A was significantly affected compared to
Group B and D (p<0.01) but not Group C (p=0.1).
Furthermore, Group D was affected the least (p<0.05). 

SECONDARY OUTCOMES

Two rats died before T2 and thus were evaluated pre-
maturely. One rat from Group B (0.17%) died the 4th

Fig. 1: ePCI at T2 between groups.
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postoperative day and one from Group D (0.17%) the
5th postoperative day, while their death was attributed
to peritonitis following anastomotic leak. 
The ascites weight at T2 did not differ between Group
A and C (p=0.07) and between Group B and D
(p=0.07). Animal undergoing CRS in Group B devel-
oped less ascitic fluid than Group A (p<0.01) and C
(p=0.02). Also, in Group A and C greater volume of
ascites was found compared to Group D (p<0.01).

Discussion

This study focused on survival and remission of peri-
toneal metastases to investigate the effect of a novel treat-

ment strategy to tackle these cases. Regorafenib was
administered intraperitoneally in a colorectal cancer
derived peritoneal carcinomatosis animal model. Rats
treated with regorafenib showed a trend of deceleration
of the metastases’ progression compared to rats (p=0.2). 
According to the literature, no study has investigated
regorafenib administration intraperitoneally and it is only
used as a component of oral chemotherapy. The COR-
RECT and the CONCUR trials were the first phase III
human studies, and both reported prolonged survival for
patients receiving oral regorafenib compared to placebo
13,14. Regorafenib has been shown to manipulate the
ATP-binding cassette (ABC) transporter, ABCB1 and the
breast cancer resistance protein (BCRP) which are asso-
ciated with multidrug resistance 15,16. Noteworthy, rego-

Fig. 2: Metastasis at the greater omentum found upon laparotomy. Fig. 3: Metastasis at the liver found upon laparotomy.

TABLE I - Characteristics of animals at T2.

Group A (n=6) Group B (n=6) Group C (n=6) Group D (n=6)

Bodyweight (g) 262 ± 11.9 274 ± 11.5 276 ± 8.4 289 ± 5.8
Tumor score per site
Subcutaneous 0 0 0 0
Injection site 3 2(1-2) 3(2-3) 2(1-2)
Greater omentum 3(2-3) 2(1-2) 2(2-3) 1.5(0-2)
Liver hilum 0(0-1) 0(0-1) 0(0-1) 0
Liver 3(2-3) 0.5(0-1) 2(1-3) 0.5(0-1)
Perisplenic 0 0 0 0
Mesentery 3(2-3) 1(1-2) 2.5(2-3) 1(1-2)
Gonadal fatpads 0 0 0 0
Diaphragm 0 0 0 0
Parietal peritoneum 3(2-3) 1.5(0-2) 2.5(2-3) 1(0-2)
Overall ePCI 14.3 ± 1.5 7 ± 2.2 12.3 ± 2.3 5.6 ± 1.9

Values are expressed in mean and standard deviation or median and range with respect to the distribution of the data.READ-O
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rafenib is effective regardless of the type of RAS and
BRAF mutation 17.
Many substances have been tested in vitro including oxi-
platin, mitomycin C and cisplatin to determine the
Thermal Enhancement Ratio which is crucial to justify
the benefit for hyperthermic intraperitoneal chemother-
apy 18,19. In a rat model, gemcitabine- and taurolin-based
hyperthermic IPEC failed to reduce ePCI scores com-
pared to surgery alone or surgery and mitomycin C
(p=0.03) 20. Among chemotherapeutic agents, oxaliplatin
and mitomycin C are incorporated in the ESMO guide-
lines (class III, B). Despite this fact, several studies pro-
vided evidence that did not support the use of oxali-
platin-based hyperthermic IPEC. The COLOPEC trial
aimed to determine the efficacy of adjuvant hyperther-
mic IPEC in patients with locally advanced colon can-
cer. Their results raised questions regarding the efficacy
of oxaliplatin as there was no difference in peritoneal-
free survival at 18-months (80.9%; CI: 73.3-88.5) 21.
The PRODIGE 7 trial investigated the effects of oxali-
platin-based hyperthermic IPEC added to cytoreductive
surgery for patients with colorectal peritoneal metastases.
Its addition did not improve median overall survival (HR
1.00; CI: 0.63-1.58) for those patients and caused more
adverse events compared to cytoreductive surgery only
(26% vs 15%; p=0.035) at 60 days 22. Spielberg et al.
also demonstrated an unfavorable profile for oxaliplatin-
based hyperthermic IPEC. In his retrospective study,
where hyperthermic IPEC was introduced with either
oxaliplatin or mitomycin C, the former group present-
ed with more complications (66.2% vs 35.3%; p=0.003)
and no improvement in median overall survival 23.
Research over the use of mitomycin C has also produced
some inconclusive results. The introduction of
Mitomycin-based IPEC did not improve survival for
patients undergoing systematic chemotherapy with
cytoreductive surgery, albeit did not increase their mor-
bidity, as stated by Baratti et al. at his retrospective case
series 24. Therefore, the additional role of IPEC paired
with cytoreductive surgery is a field for further studies
25. As might be expected, cytoreduction to remove
macroscopic metastases and lysis of adhesions are crucial
for the effective action of the drug administered

intraperitoneally 26. In our model, we may presume an
additive effect of regorafenib combined with CRS which
is expressed by the ePCI change between group B and
D (p<0.05). Yet, these results are primitive and further
extensive research should be carried out to determine the
exact role of regorafenib-based IPEC. In a multicentric
retrospective study, survival was significantly related to
the completeness of cytoreduction but not IPEC with
mitomycin or fluorouracil. Of note, IPEC techniques
varied among centers such that conclusive comments over
the efficacy of pharmacological interventions is prohib-
ited 27. In an editorial, Sugarbaker et al. points out the
challenging drug resistance and proper methodology that
will take into account not only practical details but also
pharmacological properties of substances used 28. 
This pilot study was the first to examine the effect of
intraperitoneal administration of regorafenib in a rat
model of peritoneal carcinomatosis. This is not devoid
of limitations as there is lack of previous data regarding
such use and appropriate dosage of regorafenib. More
preclinical trials should be designed to delineate the tech-
nique of regorafenib-based IPEC and perform further
investigations. 

Conclusions

Should efficacy and safety combined be advocated by
additional and detailed evidence regarding regorafenib-
based IPEC; it may emerge as a powerful tool against
peritoneal carcinomatosis.

Riassunto

In questo studio, ci proponiamo di indagare l’uso poten-
ziale e l’efficacia di regorafenib per IPEC in un modello
animale di metastasi peritoneali derivate dal colon-retto.
METODI: Sono stati utilizzati 24 ratti maschi. La can-
cerogenesi è stata indotta in tutti i ratti mediante
l’iniezione intraperitoneale di cellule tumorali a T0. Al
T1 (giorno 28) sono stati assegnati in modo casuale
1:1:1:1 in 4 gruppi e sono stati sottoposti a laparoto-

TABLE II - Relative % changes of ePCI and weight from T1 to T2.

Group A (n=6) Group B (n=6) Group C (n=6) Group D (n=6)

ΔePCI, % 49 ± 15 -19 ± 13 32 ± 11 -42 ± 14

p<0.01a, p< 0.01b, p=0.2c, p<0.01d, p<0.01e, p<0.05f, p<0.01g

Δweight, % 0.5 ± 0.6 4 ± 0.7 2 ± 0.4 6 ± 1.8

p<0.01a, p< 0.01b, p=0.1c, p<0.01d, p<0.05e, p<0.05f, p<0.01g

a Denotes Anova’s test result. b Indicates difference between group A and B, c between group A and C, d between group A and D, e

between group B and C, f between group B and D and g between group C and D. 
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mia mediana e all’intervento corrispondente. Nello speci-
fico, Gruppo A: nessun altro intervento; Gruppo B:
chirurgia citoriduttiva; Gruppo C: chemioterapia
intraperitoneale con regorafenib (BAY 73-4506); e
Gruppo D: chirurgia citoriduttiva e chemioterapia
intraperitoneale con regorafenib. Al T2 (giorno 56) i rat-
ti sono stati soppressi ed è stata eseguita una laparoto-
mia mediana per ulteriori indagini. L’esito primario era
l’indice sperimentale di cancro peritoneale (ePCI) a T2.
Gli esiti secondari includono la variazione relativa del
peso corporeo tra T1 e T2, il peso dell’ascite, la perdi-
ta anastomotica/peritonite e la morte.
RISULTATI: L’ePCI era significativamente più basso nel
Gruppo D rispetto a tutti gli altri gruppi. Confrontando
il Gruppo C con il Gruppo A abbiamo trovato una ten-
denza verso una minore progressione del tumore, ma
nessuna differenza significativa. È stata calcolata la vari-
azione di peso relativa da T1 a T2. La crescita dei rat-
ti nel gruppo D è stata significativamente la meno col-
pita rispetto a tutti gli altri gruppi. L’animale sottopos-
to a CRS nel gruppo B ha sviluppato meno liquido
ascitico rispetto al gruppo A e C. Meno ascite è stata
trovata nel gruppo D rispetto al gruppo A e C. La
chemioterapia intraperitoneale con regorafenib ha agito
in sinergia con la chirurgia citoriduttiva nel gruppo D
che ha ottenuto risultati migliori in termini di ePCI
rispetto al gruppo B.
CONCLUSIONI: La chemioterapia intraperitoneale con
regorafenib è fattibile e combinata con la chirurgia
citoriduttiva può compromettere la progressione delle
metastasi.
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