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» Triene macrolide antibiotic from S.
hygroscopicus in a soil sample from
Easter Island (Rapa Nui) in 1975

» - Originally developed as antifungal
agent

» - Sirolimus (Rapamune.) approved
by FDA in 1999 as

» immunosuppressant used to prevent
rejection in organ transplant
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Energy, nutrients, O2, growth factors
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mTOR signaling pathway and mTOR 2

inhibitors in cancer: progress and challenges

Zhilin Zou'** Tao Tao*!, Hongmei Li** and Xiao Zhu''

Table 1 Summary of the research phase of the mTOR inhibitors

milCf inhabitors Applied tumaor Phase Referenms

Syl i s RaCC [/ 9 .. || FOA approwed _

Temnsirabmus Achvanced ROC N FOA apporeed -

SN A250 Colon cancer oxdl Pre—dinical shudies Feguryen =t al. [53]
YA 14 Solid burrear o lymphoma Phase | chrical tria Eerdel et al. [54)
O5U-5 Thyroed cancer o=l Pee-dinical shudie=s Flews =t al [55

AT S OC0C ol Pre—dinical shudies Caumanns =t al. [59]
= e ol i s Aoopessie= and RAIR thyeoid cancer Phase |l diniczl trizl Hanra et al. |60
Fapamydn Pancreshic canom Pre—dinical shudies Moman =t 4. [61]
Temnsirabmus PCHEL Phase |l diniczl trizl Korfed =t 2l [57]
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Administration




» The incidence of post-transplant malignancies is increased 2- to 4-fold compared to
the general population and tumors often show a more aggressive phenotype under
immunosuppression.

» Certain skin tumors are amongst those with the steepest increase

)

under immunosuppression. 1 )
h for infectionrelated

» tumorincidence seems particularly hig

tumors, i.e. lymphomas, cancers of anus, vulva, Kaposi

» infection- unrelated tumors is also increased but to a lesser extent while some other
tumors, i.e. breast, prostate etc. do not show an increased incidence



» it has been known for a long fime that
immunosuppressive therapy itself poses a risk for
the development of certaintumors .Ensuing

)

experimental work coula™ténfirm this finding
especially for Azathioprine and CNiIs .

» CsA is classified as carcinogenic by the
InternationalAgency for Research on Cancer.
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Effects of mTOR-Is on malignancy and survival
following renal transplantation: A systematic
review and meta-analysis of randomized trials
with a minimum follow-up of 24 months
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Effects of mMTOR-Is on malignancy and survival
following renal transplantation: A systematic
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Sebastian Wolf'-2<, Verena S. Hoffmann®-?*, Antje Habicht®, Teresa Kauke’,
Julian Bucher', Markus Schoenberg’, Jens Werner', Markus Guba', Joachim Andrassy' *

Records identified through datzbase
searching (PubMed, Cc-::hraneJ:\ lei‘u“e
Direct) and screened = 7
(n=1415)

Records excluded
(n=1351)
Reasons:
- duplicate
- low methodological
quality (Jadad < 2)
retrospective analysis

Studies assessed for
eligibility
(n= 64)

L= =]
-
[ -
Lo |
[d=
-
N —
-
=
L
—
Lo e}
1
L= p
-,
[ —
Lo ls]
—
]
e
[a ]
=
=
=1
oo
-_—
—
[
—
[ —
_,—
=
=
=
-
—
[}
o=
-—
=
Ll
_—
L
[ ]
L
—1
o



RESEARCH ARTICLE

Effects of mMTOR-Is on malignancy and survival
following renal transplantation: A systematic
review and meta-analysis of randomized trials
with a minimum follow-up of 24 months

Sebastian Wolf'-Z2%, Verena S. Hoffmann3-4*, Antje Habicht®, Teresa Kauke',
Julian Bucher?!, Markus Schoenberg?, Jens Werner?!, Markus Guba', Joachim Andrass

Studies assessed for
eligibility
(n= 64)

Studies excluded
(n=30)

Reasons:

- unsufficient reporting
on tumor incidence
introduction of mTOR-

Studies included in inhibitors > 3 months

qualitative synthesis
(n= 34)




RESEARCH ARTICLE

Effects of mMTOR-Is on malignancy and survival
following renal transplantation: A systematic
review and meta-analysis of randomized trials
with a minimum follow-up of 24 months

Sebastian Wolf'-Z2%, Verena S. Hoffmann3-4*, Antje Habicht®, Teresa Kauke',
Julian Bucher?!, Markus Schoenberg?, Jens Werner?!, Markus Guba', Joachim Andrass

Studies included in

qualitative synthesis
(n= 34) Studies excluded

(n=21)

L Reasons:
- no kidney

transplantation
- follow-up < 24 months

Studies included in
qguantitative synthesis
(meta-analysis)
(n=13)




RESEARCH ARTICLE

Effects of mMTOR-Is on malignancy and survival
following renal transplantation: A systematic
review and meta-analysis of randomized trials
with a minimum follow-up of 24 months

Sebastian Wolf'-Z2%, Verena S. Hoffmann3-4*, Antje Habicht®, Teresa Kauke',
Julian Bucher?!, Markus Schoenberg?, Jens Werner?!, Markus Guba', Joachim Andrass

Studies included in
quantitative synﬁ:je‘:ﬁﬁ

&

(meta-analysi
(n=13)

Patients: n =5924

— P Follow-up: mean = 40.62
months, median 36 month
mTOR-I: sirolimus n=9,
everolimusn=4

Studies mTOR-I vs. CNI Studies mTOR-I+CNI vs. CNI
(n=8) (n=5)




The relative risk of the occurrence of
malignancies

Observed RR
Author and Year : (95% CI)
Buchler 2007 0.54 (0.19-1.51)
deFijter 2016 0.60 (0.28-1.28)
Ekberg 20072 f 0.48:1.70; all studies on long term tumor
Flechner 2002 .43 incidence (n=13,SIR =9,
Flechner 2011 1.10 (0.40-3.05) FRL = 4) :
Guba 2010 0.08 (0.00-1.47)
Lebranchu 2009% 0.74 (0.30-1.81)

Silva 2013 : 0.22 (0.01-4.50)

R e the risk of posttransplant
Random Effects Model 0.70 (0.49-0.99) mqlig na ncy was
Test for heterogeneity: | kel significantly reduced

Qdf=7)=47773 overall effect:

" = 0.00% | el under mTOR-| freatment

e Relative Risk (log scale)




The relative risk of the occurrence
of malighancies excluding NMSC's

favours Observed RR
Author and Year mTOR-| +———— CNI (95% CI)

Buchler 2007 0.65 (0.17-2.41)

Flechner 20027 0.65 (0.12-3.61)

__ When NMSCs were excluded
Suva 2010 N >)> 8 RCTs could still be included
Lebranchu 2000 —-— TR in the statistical analysis.
Silva 2013 0.36 (0.04-3.4¢) Here, the relative risk was
also significantly reduced
st for heterogenalty e under mTOR-Is (RR 0.43, ClI

Q (df = 5) = 3.5355 | ! 1 overall effect
p = 0.6180 0.01 1 100 p=0.0662 O 24i0 77,
¥ = 0.00% (Cl 0.00-81.186)

Tau? = 0: Chi2 = 1 Relative Risk (log scale) p — 0.0046

Flechner 2011 0.24 (0.05-1.25)

. 1 Effects Model 5 (0.29-1.04)
Random Effecls Mode 0.55 (0.29-1.04)

pone.0194975 April 16, 2018



Malignancies on mTOR-I+CNI vs.
CNI freatment post transplantation

favours Observed RR

Author and Year mTOR-1+CN| ¢—————— CNI (95% ClI)

Kandaswamy 2005
Kumar 2006
Lorber 2005
Tedesco 20102

Vitko 2004°

0.28 (0.05-1.49)
0.21 (0.07-0.60)
0.81 (0.40-1.64)
0.60 (0.30-1.23)

1.05 (0.49-2.28)

favours Observed RR
Author and Year mTOR-1+CN| «———— CNI (95% CI)

Random Effects Model

0.58 (0.34-1.00)

| I

|
0.01

Test for heterogeneity:

Q (df = 4) = 7.3859
p=0.1168

1#=47.21% (C1 0.00-94.88)
Tau? = 0,1778, Chi‘ = 1.89

1 100

Relative Risk (log scale)
Test for
overall effect:
p =0.05

Kandaswamy 2005 0.54 (0.03-8.50)

Kv_.{mar 2006 0.21 (0.07-0.60)
- \-_‘-._

Random Effects Model 0.24 (0.09-0.63)

| |
0.01 1

Test for heterogeneity: Relative Risk (log scale) Test for
Q(df=1)=0.3916 overall effect:
p=0.5314 p=0.0038
1# = 0.00% (CI 0.00->98.88)

Tau? = 0; Chi¥= 1

PLOS ONE | https://doi.org/10.1371/joumal.pone.0194975 April 16, 2018




Malignancies on mTOR-I+CNI vs.
CNI freatment post fransplantation

favours Observed RR favours Observed RR
Author and Year mTOR-1+CNI : CNI (95% CI) Author and Year mTOR-1+CN| «———— CNI (95% CI)

“and” Taken together all studies on Long term tumor incidence (n =13, SIR =9, ERL = 4),

Kum

Lorb

= The risk of post transplant maligncu[/ \mas significantly reduced under

mTOR-I treatinent
(RR0.67, CNI 0.51+0.86, p = 0.002).

Vitke

When NMSCs were excluded 8 RCTs could sftill be included in the statistical
analysis.

Test \

Q(df =+

p=0.1168

1 =47.21% (C1 0.00-94.88)
Tau? = 0,1778; Chi* = 1,89

PLOS ONE | https://doi.org/10.1371/joumal.pone.0194975 April 16, 2018




Graft survival (censored for death)imTOR-I vs.
CNI (monotherapy or combined with CNI)

favours Observed RR

favours
Observed RR
Author and Year CNI «——F——» mTOR-I (95% C1) Author and Year CNI  e——4———+ mTOR-I+CNI (95% CI)

Buchler 2007° 1.00 (0.87-1.14) Kandaswamy 2005 1.02 (0.98-1.07)

Lorber 2005
Ekberg 20077 0.97 (0.93-1.01)

Tedesco 2010" ' 0.98 (0.95-1.01)

Flechner 20027 1.21 (1.00-1.47)

0.98 (0.97-1.00) Vitko 20042 : 0.99 (0.93-1.05)
0.97 (0.94-1.01) ’

Flechner 2011
Lebranchu 20094

Silva 2013 1.00 (0.97-1.03)

Random Effocts Model ——— 0.99 (0.97-1.02)

0.99 (0.98-1.00) [ t \

Test for heterogeneity: | ] Test for overall effect: 08 1 12
Q (d' =6)=9.1501 08 1.5 p= 0.0540 Relative Risk (log scale)

=0.1
ﬂ x (:8 33?,, Relative Risk (log scale) Test for heterogeneity: Test for overall effect:
(C10.00-99.08) Q (df = 3) = 3.8296 p = 0.5031
?m N2 = p = 0.2805
Toutald, Chife122 R = 28.30% (C! 0.00-93.61)
Tau? = 0, Chi? = 1.39

Random Effects Model

et
deFijter 2016 ® 1.00 (0.98-1.01) QN »
: 9 ) ) : 0.97 (0.92-1.02)
- f
=
-
H
*
T
1

PLOS ONE | https://doi.org/10.1371/joumal.pone.0194975 April 16, 2018




Graft survival (censored for death)imTOR-I vs.
CNI (monotherapy or combined with CNI)

Author and Year /

Buchler 2007 /

deFijter 2016

Ekberg 20077
Flechner 2002
Flechner 2011
Lebranchu 204

Silva 2013

Random Effect

Test for heterod

Q(df=6)=9.1

p=0.1653

1= 18.22%

(C10.00-99.08)
a - =

favours

Observed RR

Taken together all studies E h an mTOR-I-tfreatment arm
(monotherapy orin combination

with a CNI) compared to a CNI-based treatment (n = 11, SIR

= 7, ERL = 4),

The overall graft survival was statistically superior under CNiIs

/mall effect:
=

rs
‘ ~ TOO 1.rn (95% C1)
(0.98-1.07)

(0.92-1.02)

(0.95-1.01)

(0.93-1.05)

(0.97-1.02)

a
12

Tau? = 0, Chi? = 1.22 K = 28.30% (C10.00-93.61)

Tau? = 0, Ch# = 1.39

PLOS ONE | https://doi.org/10.1371/joumal.pone.0194975 April 16, 2018

p = 0.5031




Patient survival post transplantation

Observed RR

Author and Year (85% CI)

Buchier 2007" 0.95 (0.85-1.07)
1.00 (0.98-1.02)
1.00 (0.98-1.03)
0.96 (0.80-1.14)
0.97 (0.94-1.01)

1.02 (0.97-1.07)

deFijter 2018

Ekberg 20077
Flechner 20027

Flechner 2011
Guba 2010¢
Lebranchy 2009
Silva 2013

1.00 (0.95-1.04)
0.99 (0.94-1,04)

favours
CNl e———ideee mTOR-I+CNI

Observed RR
(95% C1)

Author and Year

favours
CHI  +————e mTOR- (al)

Observed RR
(95% CI)

1.00 (0.97-1.04)
0.99(0.87-1.12)
0.99 (0.95-1.03)
0.99(0.97-1.02)

1.00 (0.95-1.05)

Random Efects Model -» 1.00 (0.98-1.01)

Test for overall effect:
p=0T137

Test for helerogendity. | | 1
Q (= 7) = 35061 0.8 " 12
p=0.8M5

F = 0.00% (C! 0.00-80.24)
Taw' = 0; Chif = 1

Redatrve Risk (log scale)

->

| |

08 1
Relatve Risk (log scale)

Test for
heterogenely
Q(&=4)=03889
p=09835

F = 0.00% (C1 <0.00-<0.00)
Tou' = 0: Ch¥ = 1

1.00 (0.98-1.01)

Buchler 2007
deFyter 2016
Ekberg 200T!
Flachrge 20027
Flechner 2011
Guba 2010*
Kandavwarmy 2005
Kumar 2006
Lobranchy 2009
Liowtasr 2005
Siva 201}
Tedesco 20107
Wigko 2004°

g 2
@~

0.95 (0.85-1.07)
1.00 (0.98-1.02)
1.00 (0.98-1.03)
096 (0.80-1.14)
097 (0.94-1.01)
1.02 (0.97-1.07)
1.00 (0.97-1.04)
0.99 (0.87-1.12)
1.00 (0.95-1.04)
0.99 (0.95-1.03)
0.99 (0.94-1.04)
0.99 (097:1.02)
1.00 {0.95-1.05)

Rardom ESects Model

Test for haterogeredy
Q (o = 12) = 39303
p=09847

F = 0.00%

(C1 <0.00-<0.00)
Tard =0 Chén

1.00 (0.69-1.01)

Test for overall eflect
p = 0.5356




Patient survival post transplantation

Observed RR

[ £ ey = =Tm i 1
Author and Year / &- mTOR- (al) (95% CI)

( \ 0.95 (0.85-1.07)
1.00 (0.98-1.02)

When all studies with an mTOR-I-freatment arm either in monotherapy or in npee .

deFijter 2018
0.96 (0.80-1.14)

Bxdery 2007 combination ' -y
Flechner 2002° with a CNI were taken together and compared to a CNI-based freatment (n 102 (097:1.07)

Pachon 201 =13, SIR = 9,ERL = 4), 100R4744)

. There is no difference in patient survival (mTOR-I vs. CNI 0909510

M
Lebranchy 2009 0.9 (0.94-1.04)

s therapy). e

Random Effects Model 1.00 (0.89-1.01)

Tesl for helerogenety Test for overall eflect

Q (df = 7) = 3.5061 08 p =053
» U = ] T

p=0.8M5 I )
P = 0.00% (Cl 0.00-80.24) Relative Risk (log scale) p=09835
Tau® = 0 Chi* = 1 F = 0.00% (Ci <0.00-<0.00)

Tour =0 Ch¥=1

Buchler 2007




In conclusion

» The mTOR signaling pathway is closely related to
tumors, and it is closely related to its cell growth,

metabolism, apoptosis and autophagy

Increasing investigations oiﬁ)OR signaling in cancer
cells has provided the platforms towards novel
therapeutic strategies that will safely and effectively

eradicate cancers.



In conclusion

» Early initiation or conversion to mTORI-| within 3 months of kidney
transplantation may reduce the future risk of cancer, when
compared with patients remaining on CNI-based regimens.

» The primary effect is against NMSq. ,I)»)Jt there also exists a significant
effect against other tumors.

» The predominant part of the anti-tumor effect remains present even
when administered in combination with a CNI.

» There is no increased mortality nor graft loss under currently used
MTOR-I based regimen



