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Acute and chronic radiation cystitis

Pelvic
Radiotherapy

—

1 Rigaud et al., 2004
2 Martin et al., 2019

Population concerned

Days- months 6 months - 20 years
>
Acute complications Chronic complications
40% of patients 5 - 10 % of patients

<

.
[

Acute radiation cystitis! Chronic radiation cystitis (,CF%:C)1,2
SIro



AR RN RN

Scientific Background

Clinical symptoms and major majors mechanisms

Majors mechanisms

.
%

»
Vascular lesion Fibrosis  Urothelium integrity \Hematurla Incontinence Pain
Y Y | |
Decrease bladder functionality Decrease the quality of life

What is the problem today?

* Few studies on chronic radiation cystitis
* Molecular mechanisms partially known
* No curative treatment

e, _ Preclinical research to develop innovative treatments
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How to choose a new treatment?

Clinical symptoms and majors biologicals mechanisms of Chronic radiation cystitis

(incidence 0,01 to 0,575%)

\

3 Chung et al., 2019
4 Song et al., 2015
5 Furuta et al., 2018

Similar to

Vascular lesion

Inflammation

Urothelium integrity

Fibrosis

Chemically induced by chemotherapy
(Incidence 20-25%)

R

6 Ringdén et al., 2007
7 Yang et al., 2021

|

Pre clinical Study:
7: Song et al., 2015 (IC)
8: Kim et al., 2016 (IC)

Adipose-Mesenchymal Stem Cells (AdMSCs)’-" Clinieal study:
I I 1 20: Hasoan o4 3. 2011 (HC)

ﬁ Tissue regeneration

@ Inflammation

11: Ringdén et al., 2007 (HC)

Fibrosis

Hypothesis: MSCs reduced inflammation, fibrosis and increase tissue regeneration in CRC? T‘ASfI’O
“V






EXpe r] mental deS]gn Experimental conditions: 10 rats for each N "*;}}r:;,:;— —;:,;';}?'575”:’
condition and for each euthanasia time. ——

age: 12 weeks [permitt long studies) female (avoid prostate) Experimental conditions for each time of euthanasia

protocol ethics committee: P19-09

Vehicle .
Local bladder irradiation in Unirradiated R (pB'g,) 4 rradiated
) nirradiated Rats "
rats with SARRP* P} Rats
MSC

[ X o : :
& 3 Injections of Protocol Use in radiation rectitis: Urothelium regeneration
40 Gy 5 millions of MSCs »Potentializes the MSC effect12 Urothelium thickness
intravenously Vascular dammages
l l 1 0,5 months 2,5 months 6,5 months after MSCs injection 1
Acute radiation cystitis Months after irradiation
1 2 3 4 5 6 Tissue |
Euthanasia of rats and analysis of the effects of MSCs on CRC > Physiological:
(vascular damage, urothelium dysfunction, chronic inflammation, fibrosis) Hematuria
Transcriptomic I
' o . RT-gPCR
* Small Animal Radiation Research 12: Usunier et al., 2015 .
Platform (TLDA : Tagman
low density array)




Blood in urine (erythrocytes/pl)

Blood in urine (erythrocytes/pl)
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Irradiated untreated = Early hematuria (75-130 days post irradiation)
Irradiated treated = Late hematuria (>290 days post irradiation)

| | | |
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Time post irradiation

Hypothesis: MSCs treatment

D
delays hematuria }:US]CI’O
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Visualization of the bladder wall by cystoscopy 12 months

Cystoscopy at 12 months post-irradiation

Number of vascular lesions .
Unirradiated, untreated Irradiated, untreated

in cystoscopy (12 months)
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5 2 - 3 rats tested by cystoscopy on 10 rats for this condition 3 rats tested by cystoscopy on 10 rats for this condition
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Unirradiated
* MSC treatment decreases Xs Xs
. 3 rats tested by cystoscopy on 10 rats for this condition 3 rats tested by cystoscopy on 10 rats for this conditior’
Vascular lesions EES]CI”O



Urothelium integrity alteration related to decrease of uroplal

o—‘ i

Grade 0: Hight expression of uroplakine 3

"“""“\—-\\(

10 um

Grade 1: Basic expression of uroplakine3  _

-

10 um

Grade 2: Low expression of uroplakine 3

o €
‘10pﬁ

-

Grade 3: Absence of uroplakine 3 expression

D’apres Ma;}qggétg et al., 2008 et Huang et al., 2007

Normal

__ expression of

uroplakine 3

Low expression
of uroplakine 3

Bladder lumen
Glycosaminoglycanes

Urothelium

Sub mucosa
composed of
extracellular
Matrix (ECM)

f Qo — -
Detrusor _
-
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superficial cells Uroplakine 3
(Impermeability)

Intermediate
cell

Basal or stem cell
Cytokeratin 5

Ny * T '4
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Pa— . ) 1

]

Non-irradiated rat
bladder
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Grade 0: Hight expression of uroplakine 3

10 ym

Grade 1: Basic expression of uroplakine 3

—
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10 um

|

Grade 2: Low expression of uroplakine 3
k3

—

10pﬁ

Grade 3: Absence of uroplakine 3 expression

D’apres Matsumoto et al., 2008 et Huang et al., 2007
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Basic expression

Hight
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(Grade 0)

Low expression
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(Grade 1) .
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(grade2)

) Basic
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Urothelium integrity alteration related to decrease of uropla‘k‘i‘tﬁ\‘é%f)"(’?éSsion

Unirradiated 12 months

A Expression of grades

% of grades expression

Grade0 Grade1 Grade2 Grade3

Irradiated untreated 12 mois
VS
Unirradiated 12 mois

Grade 0 p=0,078 Grade 1 p<0,0001 Grade 2 p=0,001 Grade 3 p<0,0001

e After irradiation increase of alteration of urothelium

% of grades expression

A Expression of grades

0.5

0.4

03

0.2

01

01

-0.2

-0.3

-0.4

-0.5

I

Irradiated untreated 12 months

i
Grade0 Grade1 Grade2 Grade3

Irradiated treated 12 mois
VS
Unirradiated 12 mois

Grade 0 p=0,457 Grade 1p<0,009 Grade 2 p=0,05 Grade 3 p<0,002

% of grades expression

A Expression of grades

-0.5

. -

0.5

Irradiated treated 12 months

Grade0 Grade1 Grade2 Grade3

Irradiated untreated 12 mois
VS
Irradiated treated 12 mois

Grade 0p=0,2 Grade 1p<0,04 Grade2p=0,068 Grade 3 p<0,082

,")
* MSC treatment reduces severity of alteration compared to irradiated untreated group EUSfrO




Summary of results of urothelium integrity NS—

Unirradiated Irradiated

A \

( \ ( Untreated Treated

Grade 0/1 Grade 2/3 Grade 0/1 Grade 2/3 Grade 0/1 Grade 2/3

lesions lesions lesions

Time-dependent increase in Slight increase in grade 2 and 3 at 8

Absence of lesion (grade 0/1) grade
grades 2 and 3 months then stabilization over time

* Decrease in uroplakin 3 expression over time after irradiation = In favor of a decrease of the impermeability of the
urothelium

e MSC treatment has a protective effect on the maintenance of impermeability of the urothelium -

v sfro
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Chronic radiation cystitis in rats at 6-12
months post-irradiation

40 - 80 Gy

Irradiation Single dose 40 Gy, whole bladder

“Urothelial lesions
- B

@
F CCL5

N 'mew.a, we ¥ : Decreased uroplakin 3 expression over time in irradiated untreated group
«Hyperplasia IL-1B X _ Urothelial

Vet - c olp = injuries =>»Protective effect of MSC treatment

A Cytokeratine 5

1__Immune cell
recruitment

&%

Inflammation | Onset of inflammation at 6 months post irradiation (data not shown)

Vascular Protective effects of MSC treatment with delayed onset of hematuria
injuries and decreased of vascular injury
Adose-- p
dependent ECM / 1
. - Fibrosis Initiation of fibrosis from 12 months post irradiation (data not shown)
BTN

S~ -— T~
_ dose-dependent MEC ... -
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Scientific Background
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Cancers and radiotherapy
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| Inokuchiet al.; 2017

\ 4
60% treated by RT v'e

memmmmmm) | Radiotherapy -

Thyroid . Stomach égiiianal Organ at risk :
Oesophagus Liver Endometrium Bladder
@  Vulva

Total : 19 millions of people * Prostate
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Gradind of CRC

Grade Droller (11) Brugieres (12) Bearman (13) CTCAE v5.0 Arthur (14) RTOG/EORTC (15) SOMA-LENT (16)
Microscopic hematuria/ Macroscic hematuria Macroscopic hematuria after 2 days Minimal or |More than 50 erythrocytes Slight epithelial atrophy Hematuria occasional and microscopic
from the last chemotherapy dose with ) ) .
dysuria with thrombocytopenia intervention not indicated Minor telangiectasia (microscopic hematuria) Dysuria occasional
no subjective symptoms of cystitis and
not caused by infection Incontinence weekly episodes
Macroscopic hematuria Macroscopic hematuria Macroscopic hematuria after 7 days _ medical |Macroscopic hematuria Moderate frequency Hematuria intermittent, macroscopic and <10%
from last chemotherapy dose not caused} . ) . decrease hemoglobin
with clots intervention or urinary tract
by infection or hematuria after 2 days Generalized telangiectasia
irrigation indi Dysuria intermittent
I with subjective symptoms of cystitis not | irrigation indicated ysuna | :
. . Intermittent macroscopic hematuria
caused by infection Incontinence dailly episodes
Macroscopic hematuria Macroscopic hematuria Hematuria cystitis with frank blood, Transfusion, interventional Iciots Severe frequency and dysuria Hematuria persistent, macroscopic and 10-20%
necessitating invasive local intervention . . . decrease hemoglobin
with small clots that were with clots and urinary L ) ) radiology, endoscopic or operative ) ) , )
with installation of sclerosing agents, Severe generalized telangiectasia (often with . ) )
passed on micturation obstruction nephrostomy or other surgical procedure| tervention indicated, radiation . Dysuria persistent and intense
m petechiae)
therapy (ie hemostasis of bleeding Incontinence dailly episodes
) Frequent hematuria
site)
Reduction in bladder capacity (<150 cc)
. . . . o .
Massive clotting often Life-threatening consequences, [Macroscopic iEMmatiia Necrosis/ Contracted bladder (capacity <100 cc) HERSIREIporsistent, >20% decrease hemoglobin
necessitating major urgent intervention indicated |ciots, renal insufficiency ) N Dysuria refractory and excruciating
Vi Severe hemorrhagic cystitis

instrumentation for clot

evacuation

CRC grading based on hematuria

Incontinence complete refractory

o sfro




Prostate cancer
1 year after RT = 14,2 % [9-21] The incidence of hemorrhagic cystitis is approximately 11%.
For 3- to 4-box, small-field therapy (66 Gy), scoring, is as follows:

. Grades 1 and 2: 24-64%
. Grades 3 and 4: 2-9%

For conformal beam therapy (70-78 Gy), the frequency is as follows:
o Grades 1 and 2: 65%
. Grades 3 and 4: 9%

Cervical cancer
1vyear RT=4,9 % [3-6.7]
The frequency associated with combination 4-field external beam therapy (70-80 Gy) and cesium implants is as follows:

o Grade 1: 1-3%
o Grade 2: 1-2%
. Grade 3: 2-5%

Bladder cancer
1 year after RT=17,8 % [ 2-47]
The frequency associated with 3- to 6-beam, small-field therapy (32-57.5 Gy) is as follows:

. Grades 1 and 2: 19-49%
. Grades 3 and 4: 33-48%

Genitourinary toxicity with intensity-modulated radiotherapy

IMRT is increasingly used for the treatment of prostate cancer; doses of 81 Gy have been delivered.

D
o Grade 2: IMRT, 17-36%; 3D conformal radiotherapy, 42-60% SVS]CI"O
. Grade 3: IMRT, 0.3-0.5%; 3D conformal radiotherapy, 1-2%



Research Article

Urologia
Internationalis Urol Int Received: November 25, 2020 SYMPTOMS or SIGNS of
. Accepted: February 4, 2021 e} oo it
DO 10.1159/000515716 A Radiation urethritis and cystitis (RUC)
Treatment

Development of a Management Algorithm |
for Acute and Chronic Radiation Urethritis I 1
and Cystitis

Bleeding — predominant RUC Inflammation - predominant RUC
(B-RUC) (I-RUCQ)

Ben G.L. Vanneste? Evert J. Van Limbergen? Tom A. Marcelissen®

Joep G.H.van Roermund® Ludy C. Lutgens® Carsten W.K.P. Arnoldussen®
Philippe Lambind Matthias Oelke® v ¢ A ¢

2Department of Radiation Oncology (MAASTRO clinic), GROW, School for Oncology and Developmental Biology, If possible: stop/reduce anticoagulants Storage luts Voiding luts Pain
Maastricht University Medical Center, Maastricht, The Netherlands; "Department of Urology, Maastricht University drati di . . . .
Medical Centre, Maastricht, The Netherlands; ‘Department of Radiology and Nuclear Medicine, VieCuri Medical Centre, 1 - Hy ratlon. + diuresis . - Antlchollnerglcs - ai-blockers - Paracetamol
Venlo, The Netherlands; “The D-Lab, GROW, School for Oncology and Developmental Biology, Maastricht University - When available: hyperbaric oxygen - Bs-agonists - Corticosteroids - Non-steroidal
Medical Centre, Maastricht, The Netherlands; “Department of Urology, St. Antonius Hospital, Gronau, Germany therapy (HOT) — TURP >4 months after inflammation
RT if drugs are not drugs
effective
- Catheterization when
retention during RT

Switch to oral drugs:

- Sodium pentosane polysul phate(SPP)

2| - Aminocaproic acid (AA)

- Immunokine WF10

- Conjugated estrogen

- Pentoxifylline + vitamin E (minimal bleeding)

|
v v

If bleeding isserious, persisting or life-threatening:

If bleeding is not serious and does not affect quality of life:

3. - Discuss definitive treatment with the patient to
ablate telangiectasia

- Inform the patient of iatrogenic complications

|
v v v

- Re-assure
- Watchful waiting, regular control

Intro-vesical installations is case of Vesical or prostatic artery
Focal therapy is case of localized bleeding: generalized bleeding: embolization
— LASER treatments (Argon, Nd:YAG, - Topical formalin

F ig . 3 . A I go rit h m fo rm a n a ge m e nt Of R U C . R U CI - glz)trocoagulation : gtjarlr:;p(;ﬁrlrc‘ :iilttis/(car:l:)T()jroitin sulfate
. . ege oy e - Vesical/prostatic artery embolization
radiation urethritis and cystitis. - ~

: > sfro
If bleeding persists or in case of fistulae/strictures: C/\)

Open, laparoscopic or robot-assisted surgery
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Scientific Background

Origin and differentiation of MSC

\\,gg Q Synovial membrane
Umbilical cord X

Bone marrow

Blood C|rculat|on /

Adipose tissue |}

* Easy to collect
e Large amount of tissue and MSC f
s sfro



Culture of MSC: Isolation and expension

5 millions cells

%
- ,,
d I — ‘n
Isolation Intravenous
Adipose Purification injection
tissue Expansion
« The fatis cut into small pieces and put into MEMa + collagenase 0.1% (x2 tubes/digestion). *  P01000¢/cm* ?}r 0.150.106¢/150cm?* in MSC medium
Incubation for 30 min at 37°C with agitation. (MEMa, SVF 20@' PS, _GIUt)
* The cells are recovered with a 100um filtration, the non-digested fat is put back in MEMa + * Change the media 2 times a week

collagenase at 0.1%.
* Onthe filtered cells, medium containing SVF is added to dilute the collagenase.
* Centrifugation is performed to collect all cells, filtration on 40pum and then counting.
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Scientific Background

Biological effect of MSC

| #0®
| ©O®

Immunomodulation

Anti-fibrotic

*
@ O

Pro-angiogenic

Stem and progenitor
cell stimulation

Trophic effect

MSC : « injury drugstore »
Allogenic graft

263 clinical trials in the world

D
v sfro



Dose Volume Histogram
100

New (1)

80

¥ Verify (Step 5 of 7)

60
" A) Isodoses

Prescribed dose: 2000 cCy (IsoC) > ‘

Show isodose surfaces (3D): ¥/

40
Show isodose lines (2D): ¥,

Fractional volume [%]

Relative Dose =

o/@ 0%

1@ 20%

20

2|0 0%

3|l s0% 0 1000 2000 3000 4000 5000 6000 7000 8000 9000

4|/l o5 Dose [cGy]

v

- | —— -
‘f Compute Isodoses Y S R: -0.430mm

¥ B) Compute Dose Volume Histogram Statistics

Current: SARRPDose

- Label Volume (cc) | Mean (cGy) = Min(cCy)  Max (cCy)

1(¥  New 0.206823 202279 17924 2247.59

‘ f Compute DVH‘

¥ C)Plan

TPS_2017-09-04_10_17_20 ‘ E ‘

G Treatment Planning Execute 0‘

» Data Probe

2 irradiation beams

Maximized the dose on the bladder and minimized the dose on surrounding tissues (skin, fat)
0 Side effects

10'mm { 10 mm k L | 10 mm
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Hematuria
2D kinetics dose-time

Hematuria (urinary strips exacto pro biosynex)

Hematuria

3D kinetics dose-time 150

\;g 70
- C
@ 2 300, 3 60 o
c 100 =
- |
-2 8 200, & 0 2 =
© 2 £ o =
+— 1 @ 40 O Ny
C 5 100. @ c
Ve O S o
a 30 ~
c ®© 50 o
o5 0. S
S E 80 4 20 s
o5} 300 aal
IS, 000000 - 10
=

@ 100
Dose in Gy 00 Time in days

100 200
Time in days

40 Gy :
A hematuria, occurring early
» Vascular lesions at 6 months post-irradiation
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Urothelium integrity alteration: uroplakine 3 -

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

toum. . < S Grading of the whole urothelium for each animal

2 e WA 9 A expressions of uroplakine 3, 8 months in function of groups
um

ression ol
uroplakine 3

Irradiated untreated Irradiated treated Irradiated untreated
VS VS VS
Unirradiated Unirradiated irradiated treated
05 . . : , 05 ! ! ! : 0.5

0.4k ot ......... 4

03k e ........................................ ..................... PO 4
+ : :
D2 bivoseceemeceserannannsnes el esnnnssnsvsrnnnsg o = R -

N o i .................. -
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DA TR e _
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0.5 1 1 I i 0.5 1 $ I i 0.5 1 1 1 i

Grade0 p=0.971 Grade1 p=0.005 Grade2 p=0.010 Grade3 p=0.055 Grade0 p=0.902 Grade1 p=0.001 Grade2 p=0.021 Grade3 p=0.001 Grade0 p=0.902 Grade1 p=0.150 Grade2 p=0.474 Grade3 p=0.036

A of urothelium expression in function of group

* Increase % of grade 2 and 3 after irradiation with or without MSC treatment .
* No difference after irradiation for treated compared to untreated EUSﬂ’O
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Urothelium integrity alteration: uroplakine 3 N

o 3 B | LHSTE | Grading of the whole urothelium for each animal
T, 4| S A expressions of uroplakine 3, 8 VS 12 months
10 pm o' L

Unirradiated untreated Irradiated untreated

irradiated treated

c
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a2 a 0. f i e T S 4
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o 2 L : :
é [oYs) | T i e — - P e §0 00 0 s e e e e e e e Beeeeee -
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0.5 + 1 i i 05 L i i |
< Grade0 p=0.079 Grade2 p=0.145 Grade3 p=0.211 Grade0 p=0.950 Grade1 p=0.000 Grade2 p=0.030 Grade3 p=0.000

Grade1 p=0.046

* Increase % of grade 2 and 3 in function of time for Irradiated untreated
e MSC treatment keeps the grade 2 and 3 lesions low and stable

0.5 1 i i
Grade0 p=0.219 Grade1 p=0.239 Grade2 p=0.427 Grade3 p=0.344
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Results

% of the urothelium concerned by
an abnormal increase of thickness

in function of time

%k %k %k %k
100 A I
A

AA

%k %k A

AA

'+ Urothelium

»
K ) (
2 L PP L SR

\Unirradiated Irradiated}\unirradiated Irradiated}\Unirmdiated Irradiated} 12 months without abnormal increase in urothelial thickness
Y Y Y * Irradiated untreated: Increase of urothelium thickness in function of time for
8 months 12 months e After MSC treatment : Increase in slower of urothelium thickness

P
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Inflammation at 6 months post-irradiation
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Results

Fibrosis studies

% of animals with fibrosis plaques as a % of animals with fibrosis plaques as a
function of time and conditions function of time and irradiation dose
% %
— * %
% % %k :Ik * % ° | * |
i
- I l © 100
100 a ] B positif > T
] ) ] Bl negatif LT
] _g 1 12 months without fibrosis plaque
i = .
50- E 507
4 £ ]
i © i
] E ;
] c 7
] © ]
o LN
] (] -
0- B3 > >
> g O g 6
& & $¢. & LLEEL ég & é‘"? & §£" $
N 3 S S 3 S S L |
|
\Unirradiated Irradiated} Pnirradiated Irradiated} Pnirradiated Irradiated} 6 months 10 months
6 months 8 months 12 months

12 months with fibrosis plaque

* Irradiation dose increases the number of animals with fibrosis plaque as a function of time
* At 12 months MSC treatment may increase number animal with fibrosis plaque (no significant)
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Perspectives: Urothelium regeneration
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Non-irradiated rat bladder
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MSC treatment affect the basal stem cell compartment?

* Investigation at 6 and 8 months in progress
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