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- Wysoka rozpuszczalnos¢ w wodzie

- Biodostepnos¢ to 40-60% dawki p.o.

- 20-30% jest wydalane w formie niezmienionej z katem
- Nie wigze sie z biatkami osocza

- Czas do osiggniecia maksymalnego stezenia
w surowicy 2 - 3,3 h

- T2 w surowicy: ok. 5 h (forma IR)

- Nie jest metabolizowana, wydalana giownie z
moczem (90% w ciagu 12 h)

Na podstawie: Grzybowska M, Bober J, Olszewska M. Postepy Hig Med Dosw (online), 2011; 65: 277-285

McCreight LJ, Bailey CJ, Pearson ER. Diabetologia. 2016; 59(3): 426-435



Cellular and molecular mechanisms of
metformin: an overview

metformin

Kompleks 1 tancucha
oddechowego

w mitochondriach —
gtéwny punkt uchwytu
dziatania metforminy

------------------

Spadek syntezy ATP

Viollet B. et al. Clinical Science 2012; 122: 253-270



Cellular and molecular mechanisms of
metformin: an overview

NH NH
letformin H:‘C\rlqj\ﬁ/u\NHz
E CH, Hepatocyte
/ Mitochondria complex l/ Q"chtose-tﬁ-biﬁgh“h
v

ytopiasim k_d@i SIRT1,
Q| O
‘ Gluconeogenesis gene expression

@
() )
. e !

17 B-oxidation o
s ®
\lSteatosis — | Lipotoxicity —» { oot —— lgluconeogeney

Lipogenesis

@ ‘ gene expression
O

l Lipogenesis

Viollet B. et al. Clinical Science 2012; 122: 253-270



METFORMIN

\

<
'>“ LKB1 , LKB1
——— AMPK 4 ~Bad AMPK
myocyte N r beta cell
. wa—
#0
LIVER ADIPOSE TISSUE MUSCLE N PANCREAS
lipid synthesis { fatty acid synthesis { mitochondrial oxidation T insulin
gluconeogenesis 4 lipolysis 4 fatty acid uptake T secretion
glucose uptake T
glycolysis T

Jalving M. et al. Eur J Cancer 2010; 46: 2369-2380



Metformin Table V. Metabolic and vascular effects of metformin

Anti-hyperglycaemic action
suppresses hepatic glucose output

Intestine Fat

e
T Anaerobic glucose
metabolism

increases insulin-mediated glucose utilisation

T Glucose uptake
and oxidation

decreases fatty acid oxidation
increases splanchnic glucose turnover

Weight stabilisation or reduction
Improves lipid profile
reduces hypertriglyceridaemia

lowers plasma fatty acids and LDL-cholesterol; raises HDL-
cholesterol in some patients

No risk of serious hypoglycaemia
Counters insulin resistance
decreases endogenous or exogenous insulin requirements

T Lactate . Fatty acids

T Glucose
uptake and
oxidation

| Glyconeogenesis

| Glycogenesis

| Oxidation of FA T Glycogenesis

1 Oxidation

of FA reduces basal plasma insulin concentrations

Muscle Vascular effects

increased fibrinolysis
Y Y
1 Hepatic glucose T Insulin-mediated decreases PAI-1 levels
duct | disposal , . .
procuction glicose disposa improved endothelial function

N S HDL = high-density lipoprotein; LDL = low-density lipoprotein;
PAI-1 = plasminogen activator inhibitor-1.

1 Blood glucose |
concentration

.

Krentz A.J., Bailey C.J., Drugs 2005; 65: 385-411




metformina

Etap 1
(monoterapia doustna)

metformina + PEM

metformina + intensywna insulinoterapia

(PSM, gliptyna, inhibitor SGLT-2, pioglitazon)

&

DIABETOLOGIA KLINICZN.
Cinical Duabetology

prometess

metformina + lek inkretynowy
{inhibitor SGLT-2 / pioglitazon)

Istnieje mozliwos¢ kojarzenia
z insuling takze innych -
oprécz metforminy - lekéw
przeciwcukrzycowych,
zgodnie z ich rejestracja

©
c
©
| -
O
©
L
3
Etap 2 metformina + 2 leki o réznych
(0 (terapia doustna mechanizmach dziatania
'a skojarzona) (PSM lub lek inkretynowy, lub akarboza,
o] lub inhibitor SGLT-2, lub pioglitazon)
| -
m . -
]
m w
.E_ Etap 3 metformina + insulina bazowa
(insulinoterapia
"g prosta) 1
E metformina + insulina w 2 dawkach
> (bazowa lub mieszanki)
.-ﬁ Etap 4
(insulinoterapia
©
\¢ ztoiona)
©
2

PTD. Zalecenia kliniczne dotyczgce postepowania u chorych na cukrzyce, 2016. Diabetologia Klin 2016;5(Supl.A)



Metformina SM / Insulin
Intensive (n=342) Intensive (n=951)

Zmiana ryzyka* P Zmiana ryzyka* P

Zgony zwigzane z cukrzycg | 42% 0.017 ! 20% 0.19
Zgony ogotem ! 36% 0.011 ! 8% 0.49

Jakikolwiek zwigzany z DM { 32% 0.0023 I 7% 0.46
punkt koncowy
Zawat serca { 39% 0.01 I 21% 0.11

Udar mdzgu ! 41% 0.13 T 14% 0.60

* W porownaniu z leczeniem konwencjonalnym (pacjenci otyli)

Dawka 3 x 850 mg metforminy IR

UKPDS 34. Lancet 1998; 352: 854-65



B Any Diabetes-Related End Point F Microvascular Disease

L4 po0.02 P=0.01 147 b 019 P=0.30
1.2- 1.2
2 K]
= e
€ 10 e 104+4--—--- SR QU IO R E
T + + ®
S 0.8 S 0.8
&
0.6- 0.6
0.4 i
1997 1999 2001 2003 2005 2007

0.4
1997 1999 2001 2003 2005 2007
No. of Events

No. of Events
Conventional therapy 160 190 220 240 252 262 Conventional therapy 38 58 70 73 74 78
Metformin 98 126 152 175 189 209 Metformin 24 37 44 52 58 66
D Myocardial Infarction H Death from Any Cause
1.4 1.4+
P=0.01 P=0.005 P=0.01 P=0.002
1.2 1.2+
2 K
= =
R K e € L0
= =
o _ a _
N 0.8 N 08 + +
I I
0.6 0.6-
0.4 4
1997 1999 2001 2003 2005 2007

1997 1999 2001 2003 2005 2007

No. of Events
113 136 160 183 217

No. of Events
Conventional therapy 73 &3 92 106 118 126 Conventional therapy 89
Metformin 39 45 55 64 68 81 Metformin 50 70 86 110 123 152

R.R. Holman, S.K. Paul, M.A. Bethel, D.R. Matthews, H.A.W. Neil, N Engl J Med 2008; 359: 1577-1589




Skumulowana umieralnos¢ w zaleznosci od
zastosowanego sposobu leczenia cukrzycy

Cumulative mortality
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Evans M M J et al. Diabetologia 2006; 49: 930-936
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i o
== |nsulina n=1827
== Bezleczenia n=2132
== Pochodne sulfonylomocznika n=2691
== Leczenie skojarzone n=1333
== Metformina n=511
| | | |
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Time since first-time hospitalisation with M| (days)

Horsdal H.T. et al, Diabetologia 2008; 51: 567-574



Improved Clinical Outcomes Associated With Metformin
in Patients With Diabetes and Heart Failure

All-Cause Mortality

1.0

0.6

04—

Cox Proportional Hazards Survival Rate

Sulfonylurea Monotherapy
(Bottom)

Mettormin Monotherapy
(Middle}

Combination Therapy
(Top)

024 n=1833
SU=773
Met = 208
Met + SU = 852
0.0
| T T ] ! 1 T
0 500 1000 1500 2000 2500 3000

Duration of Follow-up (Days)

Unadjusted 0.63
Metformin Monotherapy *

Combination Therapy

Adjusted *
Metformin Monotherapy 23

Combination Therapy

Adjusted 4
Metformin Monotherapy ’ *

Combination Therapy

Hazards Ratio: 03 05 07 09 14

CONCLUSIONS — Metformin, alone

or in combination, in subjects with heart
failure and type 2 diabetes was associated
with lower morbidity and mortality compared
with sulfonylurea monotherapy.

Eurich D.T. et al, Diabetes Care 2005; 28: 2345-2351



INNE ZASTOSOWANIA
METFORMINY

Prediabetes
Cukrzycatypu 1
PCOS
Nowotwory



Inne zastosowania metforminy:
Prediabetes (badanie DPP i DPPOS)

< DPPOS >
60 14 DPP >
—— Placebo
— Metformin
—— Lifestyle intervention
50
g
g 40
(&)
o
o
5
Y—
@]
ot
g 7
=
'—é 20
5 o~
]
Dawka 2 x 850 mg
i
Y T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7/ 8 9 10 11 12 13 14 15
Number at risk Time since DPP randomisation (years)
Placebo 935 900 799 699 640 595 562 522 485 445 416 387 364 339 317 255
Metformin 926 918 841 766 692 647 611 575 529 499 465 441 420 393 370 289
Lifestyle 915 908 876 829 782 730 671 617 582 550 509 475 443 400 372 285
intervention

Diabetes Prevention Program Research Group, Lancet Diabetes Endocrinol 2015; 3: 866—75



Inne zastosowania metforminy:
Cukrzyca typu 1

g 3
% 10.0 !;' 250,01
= A E B
a
I V]
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£ 95 L 20004
"
2 c
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E =
- ™ -
M 9.0 E 150.0
=
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E 857 @ 1000+
R
I.Im.l T T T g T T T
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0
Time w Time
B 1507 3 = 1007 n=28 D
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Nwosu BU et al. PLoS One. 2015 Sep 14;10(9):e0137525.



Potencjalne korzysci:
- Redukcja / utrzymanie masy ciala
- Poprawa kontroli metabolicznej (HbA ., FPG)

- Zmniejszenie zapotrzebowania na insuline
(gtownie bazowaq)




‘ PCOS |

' I ' '

NIEREGULARNOSC/ HIPERANDROGENIZM ZABURZENIA NADWAGA/OTYLOSC
BRAK OWULACJI METABOLICZNE
nieplodnos¢ hirsutyzm insulinoopornos¢ bulimia
tradzik 1 lojotok hipermsulinemia

zmiana barwy

glosu

zmiana sylwetki

Nowotnik A, Nowiny Lekarskie 2012; 81: 268—-272



Parametry hormonalne

- Czynnosciowy
hiperandrogenizm jajnikowy
- 1 Testosteron
- 1 Androstenedion

- Czynnosciowy
hiperandrogenizm nadnerczowy
- 1 DHEA-S

- | SHBG (Sex Hormone Binding
Globulin)

- 1 stosunek LH / FSH

- 1 prolaktyna

Parametry metaboliczne

- 1 Triglycerydy

- | HDL-cholesterol

- 1 kwas moczowy

- Zaburzony OGTT

- 1 stezenie insulin i C-peptydu na

CZCZ0

- | adiponektyna
- 1 PAI-1i Endotelina-1 (markery

zaburzonej reaktywnosci naczyn)

- 1 hs-CRP

wg Huang J



Reprodukcja Kardiometaboliczne

- Bezptodnos¢ - 1 ryzyko cukrzycy typu 2
- 1 ryzyko poronien - Nadcisnienie
- 1 ryzyko GDM / preeclampsia - Dyslipidemia
- 1 ryzyko raka endometrium (RR - Zapalenie
3.1) - 1 ryzyko choréb sercowo-
- Psychosocjalne naczyniowych
- Depresjai lek - Niealkoholowe stluszczeniowe
- Defekt kosmetyczny zapalenie watroby (NASH)
(hiperandrogenizm) - Bezdech senny

wg Huang J



Contents lists available at SciVerse ScienceDirect

Steroids
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journal homepage: www .elsevier.com/locate/steroids

STEROIDS*

Cancer risk and PCOS ™

Daniel A. Dumesic **, Rogerio A. Lobo®

- 2,7 x wieksze ryzyko raka endometrium
- 2,5 x wieksze ryzyko raka jajnika
- Ryzyko raka piersi podobne, jak u kobiet bez PCOS

Dumesic DA, Lobo RA. Cancer risk and PCOS. Steroids (2013), http://dx.doi.org/10.1016/j.steroids.2013.04.004



Metabolizm

- Redukcja masy ciata

- | cisnienia tetniczego

- | triglicerydow i LDL-
cholesterolu 1 HDL-cholesterolu
- | trombofilii

- | ryzyka rozwoju cukrzycy typu 2
- | sztywnos¢ naczyn i poprawa
funkcji srédbtonka

Reprodukcja

- >50% przywroécenie cyklu
miesigczkowego

- Indukcja owulacji (w monoterapii

lub w potaczeniu z cytrynianem
klomifenu

- | ryzyka hiperstymulacji jajnikow

przez gonadotropiny

- 1 odsetka cigz

- | ryzyka poronien

- | ryzyka GDM

- Kategoria B w cigzy

wg Huang J



Ryzyko wczeshego poronienia

Metformin Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

Total (95% CI) 266 223 100.0% 0.32[0.19, 0.55] <
Total events 26 51 , ; , v
1 10 100

Heterogeneity; Chi*= 2.15, df= 3 (P = 0.54); F= 0% 001 01
Test for overall effect: Z= 4.20 (P < 0.0001) Favours experimental Favours control

Ryzyko cukrzycy cigzowej

Metformin Control Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
C.J.Glueck et al. 2002 1 34 14 60 11.8% 0.10[0.01,0.79] . |
E.Vanky et al. 2004 ) 16 3 16 22% 2.60(0.52, 13.04] |
EVankyetal 2010 22 125 21 124 208% 1.05[0.54, 2.02]
M.R.Begum et al. 2009 1 29 9 30 10.2% 0.08[0.01,0.71] * -
S.Khattab et al. 2011 8 200 32 160 409% 0.17[0.07,0.37) ——
V.DeLeo etal. 2011 0 98 12 110 14.0% 0.04 [0.00,0.68] ¢ =
Total (95% CI) 502 500 100.0%  0.37 [0.25, 0.56] L 4
Total events 38 91

0.01 0.1 1 10 100
Favours experimental Favours control

Heterogeneity. Chi*= 24.74, df=5 (P = 0.0002), F= 80%
Test for overall effect: Z= 4.80 (P < 0.00001)

Jia Zheng, Peng-Fei Shan, Wei Gu, J. Endocrinol. Invest. First published ahead of print April 12, 2013 as DOI: 10.3275/8932



Preecclampsia

Metformin Control Odds Ratio Odds Ratio
r r Total Total Wei M-H, Fix I M-H, Fix I
Total (95% CI) 451 427 100.0%  0.53[0.30,0.95] >
Total events 18 32

Heterogeneity. Chi*= 10.42, df= 3 (P = 0.02); F= 71%

Test for overall effect. Z=2.12 (P=0.03) 0.01 0.1 ! 1o 100

Favours experimental Favours control

Pordéd przedwczesny

Metformin Control Odds Ratio Odds Ratio
Study or Subgroup ___ Fvents Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
S Khattab et al. 2011 6 200 13 160 54.4%  0.35[0.13,0.94] —i—
V.DeLeo et al. 2011 0 98 12 110 456%  0.04[0.00,068 +—W——
Total (95% Cl) 298 270 100.0%  0.21([0.09,0.51] -
Total events 6 25 !

Heterogeneity: Chi*= 2.34, df=1(P=0.13), F=57%

Test for overall effect Z= 3.45 (P = 0.0006) 001 01 1 10 100

Favours experimental Favours control

Jia Zheng, Peng-Fei Shan, Wei Gu, J. Endocrinol. Invest. First published ahead of print April 12, 2013 as DOI: 10.3275/8932



Wspédtczynnik ryzyka

Typ nowotworu (95% przedziat ufnosci)

Rak watroby [31] ——e— 2,31 (1,87-2,84)

Rak endometrium [22] —e— 2,10 (1,75-2,53)

Rak trzustki [23] H—eo— 1,82 (1,66-1,99)

Rak drog zotciowych [50] —e— 1,43 (1,18-1,72)

Rak nerki [44] f—e— 1,40 (1,16-1,69)

Rak pecherza moczowego [39] —e— 1,35(1,17-1,56)

Rak przetyku [46] —e— 1,30 (1,12-1,50)

Rak jelita grubego [34] HeH 1,29 (1,23-1,35)

Rak piersi [37] —o— 1,27 (1,16-1,39)

Chtoniaki nieziarnicze [42] —eo— 1,22 (1,07-1,39)

Biataczka [42] —eo— 1,22 (1,03-1,44)

Szpiczak mnogi [42] } ® | 1,22 (0,98-1,53)

Rak jajnika [51] —eo— 1,17 (1,02-1,33)

Rak zotadka [47] o 1,11 (1,00-1,24)

Rak tarczycy [53] I ® { 1,08 (0,83-1,40)

Rak ptuc [52] H-o— 1,06 (0,98-1,15)

Rak gruczotu krokowego [43] e 0,86 (0,80-0,92)
05 06 0,7 0809 1 2 3 4 5

Dagbrowski M., Cukrzyca a nowotwory w: Diabetologia. Kompendium, Termedia Poznan 2014: 408-421



Cukrzyca jako czynnik ryzyka hospitalizacji £
w oddziale chirurgii z powodu nowotworow =

Parameter OR (95% CI) P value
Diabetes
No (referent)
Yes | 4.051 (3.154-5.203) <0.001
Age (years
45-54 (referent) Q
55-64 | O { 1.260 (0.933-1.702) 0.151
65-74 | O : 2.449 (1.836-3.267) <0.001
>75 | O | 3.126 (2.376-4.113) <0.001
Place of residence
Rural (referent) Q
Urban —0— 1.260 (1.066-1.489) 0.008
Gender
Women (referent) )
Men H—o— 1.151 (0.976-1.356) 0.103
0,5 0,6 070809 1 2 3 4 5 6 7 8 910

Dagbrowski M., Grondecka A, Arch Med. Sci. DOI: 10.5114/aoms.2016.58666; Published 22 March 2016 [epub ahead of print]



Cause of death No. of HR (95% CI) 1 (95% CI)

deaths

All cancer deaths 38 965 . 3 125(11910131)] 0 (0to26)

All vascular deaths 41,437 —E— 232(2.111t02.56) 82 (78 to 85)

All non-cancer, non-vascular deaths 26,421 —— 1.73 (16210 1.85) 12 (0 to 33)

Deaths of unknown or ill-defined cause 9724 = 188 (16210 2.18) 36 (17 to 51)

Death from any cause 116,578 e B 1.80 (1.71 to 1.90) 70 (63 to 76)
[ I I |

Hazard ratios (diabetes vs. no diabetes)

820.900 osob, 123.205 zgonow w 97 prospektywnych badaniach klinicznych

The Emerging Risk Factors Collaboration N Engl J Med 2011; 364: 829-841



insulin

n resistance

Jalving M. et al. Eur J Cancer 2010; 46: 2369-2380
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Increased Cancer-Related Mortality for
Patients With Type 2 Diabetes Who Use
Svulfonylureas or Insulin

Samantia L Bowker, w(scl'll B

Sumt R Majumpag, wn, ™

Paur VEUGELERS, PHD® \marmmalian

Jerrrey A. Jonnson, pap! 2

OBJECTIVE — Mumerous studies have ideny

Centre Nortbern lreland, and the Unfinked Anouymous Surveys

“onmibute to the
fstem in England, Wales and

ons i the United Kingdoms in 2002 Lonclon: Health Frotection Agency.
T 200,
Eratefully acknowledged, as is the help,  doi 10.1156/bmj, 383035721 8SED.
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Metformin and reduced risk of cancer in diabetic patients

Josie M M Evans, Louise A Donnelly, Alistair M Emslie-Smith, Dario R Alessi, Andrew D Morris diabetes taking metformin
Smpared with those takang sulfonylureas
Given the aforementioned epidemio-
logic links berween cancer and diabetes
and the presence of a biologically plausi-

Division of Metformin, widely given to patients with type 2 diabetes,

works by targeting the enzyme AMPK (AMP activated What this paper sugges'= of su Tr due 1o some unmeasured effect

Public Heally, protein kinase), which induces muscles to take up glucose o related ble mechanism whereby metfss=yin
e from the blood. A recent breakthrough has found the ' .
Diniee. updee  upstream regulator of AMPK 10 be a protein kinase ; 0294

D2 4BF known as LKB1,'* LKB1 s a swell recognised (e Diabetes Care 20:23+-138, 2000

JseMM B suppressor. Activation of AMPK by ag

cturer in

Louise A Donnelly have identified an increased risk of  tion to type 2 diabetes
development of cancer in people There i

with type 2 diabetes (1-14). The associa-

tion appears to be mediated thro

metabolic syndrome

A number of epidemiclogic studies  emia, insulin resistance, and a preds

\LLE o
o DS e

0 quartile groups,
Esing values forming a separate category. We
adjusted odds ratios for these possible canfounders.
s More than half of the patients with cancer (488; 5316)
thsequently were men. Mean age was 73 (standard deviation 9.8)
- 0-0 or ICD-10 years and mean duration of digbetes was 8.5 (6.4) years
_——mition of diseases, Oth or 10th More than a third (336; 36.4%) of the cases had been
—rdiagnostic code for malignant cancerinstudy - givon ot east one prescription for mettormin in the year
period (fr which st admission occurred i leastone year Bt 2 SRR o B
after diagnosis of diabetes) The index date of these cases o nyro)< The unadiusted odds ratio was 0.36 (05%
was the date of frst admission. We generated random
controls from the diabetic populai
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Variable

Antidiabetic medications

Metformin

Sulfonylureas
Acarbose
DPP-4 inhibitors

Q

Insulin

Olo

Insulin dose (IU/kg)
no insulin (referent)
<0.50

>0.50

Insulin duration (years)
no insulin (referent)

<30

5.0-9.9

>10.0

o Q

)

OR (95% CI)

0.353 (0.223-0.558)
0.699 (0.472-1.034)
1.314 (0.635-2.718)
1.881 (0.682-5.187)
1.781 (1.202-2.641)

1.000
1.713 (1.027-2.855)
1.837 (1.150-2.933)

1.000

1.895 (1.145-3.135)
1.942 (1.093-3.449)
1.377 (0.705-2.690)

0.1

Dabrowski M, Szymanska-Garbacz E, Miszczyszyn Z et al., BMC Cancer 2016; 16: 785

10

BMC
Cancer

P value

<0.001
0.090
0.581
0.322
0.005

0.038
0.015

0.017
0.032
0.442



BMC
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Table 2. Adjusted risk of malignancy associated with antidiabetic medications, use vs. non-

use.
Antidiabetic OR*? P ORP P OR¢ P
medication (95% CI) value (95% CI) value (95% CI) value

Metformin 0.294 <0.001 0.318 <0.001 0.310 <0.001
(0.182-0.478) (0.193-0.523) (0.183-0.525)

Sulfonylurea 0.735 0.129 0.859 0.508 0.906 0.683
(0.493-1.094) (0.547-1.349) (0.563-1.456)

Acarbose 1.333 0.443 1.372 0.421 1.245 0.587
(0.640-2.776) (0.635-2.967) (0.564-2.747)

DPP-4 1.954 0.202 2.809 0.063 3.468 0.036

inhibitors (0.698-5.468) (0.947-8.331) (1.082-11.112)

Insulin 1.964 0.005 1.509 0.135 1.735 0.056

(1.227-3.144)

(0.879-2.588)

(0.986-3.053)

* adjusted for BMI, diabetes duration and metabolic control

® adjusted for BMI, diabetes duration, metabolic control and antidiabetic medications use

¢ adjusted for BMI, diabetes duration, metabolic control. antidiabetic medications use, smoking history. place of
residence, presence of comorbidities and aspirin use

Dabrowski M, Szymanska-Garbacz E, Miszczyszyn Z et al., BMC Cancer 2016; 16: 785
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Cancer Risk Associated with Use of Metformin and Sulfonylurea in
Type 2 Diabetes: A Meta-Analysis

Metformin versus No Metformin
Risk Ratio Risk Ratlo
Studly (95% CI) Weight {95% Cl)
Summary RR 40% + 100.0%  0.60 [0.50-0.73]
Heterogeneity: ; i - {
¥*=177.56, df= 27 (p < .001); P= B5% 0.01 0.1 10 100

Favors Mefformin  Favors No Melformi
Test for subcroup differences: ¥>= 4.05. df= 1 (p = 040), = 75.3% LN SRR RND

Metformin versus Sulfonylurea
Risk Ratio Risk Ratio
Study (a5% CI) Weight {85% CI)
Summary RR 35% o 100.0%  0.65[0.50-0.83]
HENErOgarety. 001 01 : 10 100

X’=31.32 df=6(p=.001); P=81%

Favors Metformin ~ Favors Sulfonylurea
Test for subaroup differences; X° = 2.84, df=1 (p = .090), "= 64.8% o

Metformin versus Insulin
Risk Ratio Risk Ratio

Stuly (95% Cl) Woeight {95% Cl)
Summary RR 44 % & 1000%  0.56[0.40-0.78]
Heterogeneity: [ t f i
¥2=136.27,d1=5(p < 001 = 06% 0.01 01 ' 10 100
Test for subaroup diffierences: ¥* = 8.98, df= 1 (p=.003). F=889% Favars Metformin - Favors Insulin

Overall
summary RR 39% ¢ 100.0%  0.61[0.54-0.70]
EARarOpEnEl: 001 01 1 10 100

X*=245.99, ¢f= 40 (p=.001); "= B4%

Favors Matformin Favars all reference therapies
Testfor subaroup differences: 2° = 0.49. df= 1 (p=_480). = 0% bl

Soranna D. Oncologist 2012; 17: 813-822



Mechanizmy przeciwnowotworowego
dziatania metforminy

Viollet B. et al. Clinical Science 2012; 122: 253-270



ZEBY METFORMINA MOGtA
ZADZIALAC, MUSIMY JA
NAJPIERW POtKNAC...

Czyli co sie dzieje | |

Z metforming, jak
juz ja potkniemy? )

Metformin

—J




Alters the bile
acid pool, and
may activate bile
acid receptors
(e.g. FXR, TGR5)

= Secreted in
H saliva via OCT3
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T Glucose
utilisation, as
demonstrated
by diffusely
T'®F-FDG
uptake along
the large bowel

on PET-CT
-Meth[min' Lumen * ~
Em | 3§ |
2% 20% 2%
Enterocyte
Intarstitium

Oral bioavailability is 40—-60%

Majority absorbed in the small intestine via organic
cation transporters OCT1, PMAT and SERT

Transporters are polyspecific;

drug—drug

interactions may cause metformin intolerance

McCreight LJ, Bailey CJ, Pearson ER. Diabetologia. 2016; 59(3): 426-435.
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Oral bioavailability is 40—-60%

Majority absorbed in the small intestine via organic
cation transporters OCT1, PMAT and SERT
Transporters are polyspecific; drug—drug
interactions may cause metformin intolerance

McCreight LJ, Bailey CJ, Pearson ER. Diabetologia. 2016; 59(3): 426-435.
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McCreight LJ, Bailey CJ, Pearson ER. Diabetologia. 2016; 59(3): 426-435.
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Metformina w przewodzie pokarmowym
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Wychwt metforminy jest zalezny od jej dawki i podlega
regulacji w mechanizmie zaleznym giownie od wysycenia
transportera.

Genetycznie uwarunkowana zmiennos¢ transporteréw lub leki
blokujace te transportery moga zaburza¢ wchianianie metforminy i

wplywac na jej tolerancje
Metformina zwieksza wychwyt glukozy w jelitach

powodujac przy tym wzrost stezenia mleczanu wewnatrz
enterocytow.

Moze to wigzac€ sie z nietolerancjg metforminy



Metformina zwieksza stezenie GLP-1 w surowicy, chociaz
mechanizm ten jest nie do konca jasny.
Moze on by¢ bezposredni lub posredni.

Wplyw metforminy na aktywnos¢ DPP-4 jest prawdopodobnie
niewielki

Dla wywarcia swojego efektu farmakodynamicznego,
metformina moze, przynajmniej w czesci, korzystac¢ z osi
jelita-mozg-watroba

Metformina zwieksza pule kwasow zéiciowych w jelicie, co
moze wplywac na konsystencje stolca, wydzielanie GLP-1,
stezenie cholesterolu i flore jelitowa

Metformina zmienia mikroflore jelit, co moze poprawia¢ kontrole
glikemii, ale moze tez zaburzac¢ tolerancje leku



- Do czego sg nam potrzebne leki o zmodyfikowanym
(wydtuzonym) wchtanianiu / dziataniu?
- Zeby wydluzyé czas efektywnego dziatania preparatéw
krotkodziatajgcych i zmniejszy€ czestosc ich stosowania
- Poprawa compliance / adherence
- Zeby ograniczyé dziatania niepozadane zwiazane ze zbyt
duzym stezeniem leku (miejscowo lub w krazeniu)
- Poprawa tolerancji
- Zeby poprzez zmieniona formulacje zmniejszyé dawke
substancji czynnej
- Oba powyzsze + oszczednosc¢ (np. gliklazyd MR)



Zewnetrzna

macierz polimerowa
(bez metforminy)

Wewnetrzna macierz
polimerowa
Czasteczki metforminy

Po spozyciu tabletki wewnetrzna macierz polimerowa ulega
hydratacji w przewodzie pokarmowym i stopniowo
zwieksza swoja objetos¢, co skutkuje powolnym i
rownomiernym uwalnianiem leku
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Idkaidek N et al. J Bioequiv Availab 2011, 3:10.



Mean HbA, . (%)

HbA .

# MIR 500 mg BID
0 MXR 1000 mg QD
B MXR 1500 mg QD

Baseline Week 12 Week 24

N=217 (ukonczyto obserwacje 191 oséb),
42 osrodki w USA

Wyjsciowa HbA,. <8,5%

Wyjsciowa FPG <200 mg/dl
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Efficacy, Tolerability, and Safety of a
Novel Once-Dall Extended-Release
Metformin in Pahenis With Type 2

- 750 pacjentéw wiaczonych do badania, ukonczyto 529
- Wiek 18-79 lat
- HbA . wyjsciowo 7-12%

Schwartz S et al. Diabetes Care 2006; 29: 759-764



Metformina IR vs. XR: FPG

200 € Metformina XR 1500 mg (1x/d)
~ B Metformina XR 1500 mg (2x/d)
% . @ Metformina IR 1500 mg (2x/d)
- 180 A Metformina XR 2000 mg (1x/d)
>
J
@ 160
e
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U 140 e
=
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| | | | |

0 4 8 12 16 20 24
* znamienne roznice vs vartosci wyjsciowe, p<0.001 Czas |C(‘Z€nia [tyg]

Schwartz S et al. Diabetes Care 2006; 29: 759—-764



Metformina IR vs. XR: HbA,

Metformina XR 1500 mg (1x/d)
Metformina XR 1500 mg (2x/d)
Metformina IR 1500 mg (2x/d)
Metformina XR 2000

¢
I
[
A

HbA1c (%)

0 4 8 12 16 20 24
czas leczenia (tyg)

Schwartz S et al. Diabetes Care 2006; 29: 759—-764



Table 3—Gastrointestinal adverse events

1,500 mg
immediate-release

1,500 mg q.d. 1,500 mg (AM/PM) 2,000 mg q.d. metformin (AM/PM)

Extended-release metformin

Gastrointestinal events during dosing at 1,000 mg q.d.

Any gastrointestinal event 33 (18.9) 28 (15.5) 35 (20.7) 33 (19.3)
Diarrhea 12 (6.9) 15 (8.3) 15 (8.9) 18 (10.5)
Nausea 5(2.9) 7(3.9) 4124 14 (8.2)*

Discontinuations due to gastrointestinal events during
the 1st week of treatment

Diarrhea 1 (0.6) 0 (0) 0 (0) 2(1.2)
Nausea 0 (0) 0 (0) 0 (0) 3(1.7)
Other gastrointestinal event 1 (0.6) 1 (0.6) 0 (0) 2(1.2)
Adverse events during entire study¥
Diarrhea 25 (14.2) 33(18.2) 27 (15.8) 25(14.4)
Nausea 17 (9.7) 14 (7.7) 14 (8.2) 19 (10.9)
Dyspepsia 9 (5.1 5(2.8) 8 (4.7) 10 (5.7)
Upper abdominal pain 0 (5.1 6 (3.3) 4(2.3) 4(2.3)

Data are n (%). *Significant difference among treatment groups (P = 0.050). TEvents reported for at least 5% of patients in any treatment
group and considered possibly or probably related to study drug. AM/PM, morning and evening.

Schwartz S et al. Diabetes Care 2006; 29: 759—-764



O Metformin
M| Metformin XR

Diarrhoéa Nausea Epigastric Diarrhoea Abdominal pain
pain Nausea
Vomiting

Figure 1 Incidence of Gastrointestinal side effects before and after switchover to extended release metformin XR in patients
completing the 6 month study. * vs metformin p = 0.013.
.

Levy J et al. Diabetology & Metabolic Syndrome 2010, 2:16



Table 1 Clinical and laboratory data at baseline and 3 and 6 months of follow-up

Variables Baseline Follow up (90 days) Follow up (180 days) p value
80.78 £ 1591 7998 + 14.98 8052 + 1563 0.12
BMI (kg/m?) 31.18 £ 542 30.85 + 5.09 3103 + 517 0.82
WHR (cm) 101.77 £ 1124 10067 £ 1021 100.53 £ 10.71 0.12
HbA1c (%) 761 £ 153 758 £ 144 768 = 1.50 0.713
Cholesterol (mg/dl) 189.33 + 40.78 191.17 £ 38.39 190.03 = 42.12 0.945
Triglycerides (mg/dl) 14253 = 7512 186.17 + 162.79 185.28 + 139.27 0.088
LDL Chol (mg/dl) 11459 + 3293 109.50 + 31.18 109.19 + 33.78 0463
HDL Chol (mg/dl) 4851 £10.39 48383 £ 9.07 4689 + 10.24 0.242
Vitamin B12 (pg/dl) 29391 = 12654 28746 + 12265 29157 £ 132.26 0.844
CRP (mg/dl) 0352 £ 0.37 0431 £ 0.28 0372 £ 035 0327
AER (mg/min) 21.04 £ 53.24 2744 £ 7776 2736 £ 7576 0.309

Data are presented as means * standard deviation.

Abbreviations: BMI: Body mass index; WHR: Waist/hip ratio;

HbA1C: glycated haemoglobin; CRP: C-reactive protein; AER: Albumin Excretion rate

Levy J et al. Diabetology & Metabolic Syndrome 2010, 2:16



The metabolic effects of once daily extended-release
metformin in patients with type 2 diabetes:
a multicentre study

H. Gao,'* W. Xiao,'* C. Wang,' J. Zhang,” Y. Yang,” J. Yang,” W. Yang,’ T. Hong'

- 150 pacjentow przydzielonych losowo do metforminy IR lub XR (po 75 oséb)
- Wiek 30-70 lat

- BMI 19-35 kg/m2

- HbA,, wyjsciowo <7,5%

- Ocena HbAlc, FPG i glikemii postprandialnej (30, 60 i 120 min po positku
testowym) + ocena HOMA-IR i HOMA-B

Gao H et al. Int J Clin Pract. 2008, 62: 695-700



Table 2 Changes in metabolic parameters within or between two treatment groups

MIR group (n = 71) MXR group (n = 69)

Before therapy After therapy Before therapy After therapy
BMI (kg/m?) 264 + 2.8 259 + 2.7*% 264 + 3.2 259 + 3.0%
HbATc (%) 6.4+ 0.9 6.1+ 0.8** 6.5+ 1.1 6.2+ 08"
FPG (mmol/1) 69+ 14 6.7 £ 1.1 6.8+ 13 70+ 13
PPG 120 min (mmol/1) 10.0 + 2.8 9.7+26 10.1 + 3.1 11.0 £ 3.1%%
AUC of plasma glucose (mmol min/I) 1218 + 260 1234 + 304 1235 + 274 1275 + 261
Fasting insulin (mU/1) 10.3 (4.9-13.9) 8.1 (5.6-12.7) 8.8 (5.0-11.8) 9.2 (5.8-12.3)
Post-prandial insulin 120 min (mU/1) 33.0 (22.0-55.4) 43.3 (27.5-61.6) 36.3 (18.5-46.5) 36.1 (22.7-53.1)
AUC of serum insulin (mU min/1) 3822 (3356-5910) 4188 (3351-5469) 3402 (2611-5937) 3195 (2791-5598)
TC (mmol/1) 50+ 0.8 50+0.8 51+09 52+ 1.2
LDL-C (mmol/1) 3.0+ 0.7 3.0+ 0.7 3.1+ 0.8 3.0+ 09
TG (mmol/1) 20+ 1.2 19+15 19+14 2.1+16
HDL-C (mmol/1) 15+038 1.4+ 0.3 1.4+ 05 1.4+04
Data are presented as mean =+ SD, except for serum insulin levels in median (interquartile range). *p < 0.05, **p < 0.01, compared
with before therapy; #p < 0.01, compared with after therapy in MIR group. MIR, immediate-release metformin; MXR, extended-release
metformin; BMI, body mass index; FPG, fasting plasma glucose; PPG, post-prandial plasma glucose; AUC, area under curve; TC, total
cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol.

Gao H et al. Int J Clin Pract. 2008, 62: 695-700
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The Primary Glucose-Lowering
Effect of Metformin Resides

in the Gut, Not the Circulation:
Results From Short-term
Pharmacokinetic and 12-Week
Dose-Ranging Studies

A Diabetes Care 2016;39:198-205 | DOI: 10.2337/dc15-0488
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Buse JB, DeFronzo RA, Rosenstock J et al. Diabetes Care 2016; 39: 198-205



Wyniki obserwacji pacjentow uczestniczacych w RCTs, jak
tez w badaniach obserwacyjnych prowadzonych przez
ostatnie 60 lat wskazuja, ze metformina w formie IR
istotnie redukuje ryzyko powiktan sercowo-naczyniowych
oraz zgonu, a korzysci wynikajace z jej stosowania
wykraczajg poza wyrownanie parametrow gospodarki
weglowodanowej

Badania porownawcze pomiedzy obiema formami
metforminy (IR i XR) nie wykazaly istotnych statystycznie
roznic w zakresie FPG i HbA, ., natomiast metformina IR
znamiennie skuteczniej kontrolowata glikemie
popositkowg



W badaniach porownawczych nie stwierdzono istotnych
statystycznie roznic w czestosci dzialan niepozadanych
obu form metforminy w obrebie przewodu pokarmowego, a
odsetek pacjentow przerywajacych z ich powodu leczenie
byt bardzo znikomy

W polskich warunkach oba preparaty insuliny réznia sie
istotnie ceng (z wyjatkiem os6b w wieku 75+)

Otwartym pozostaje pytanie, czy przy inicjowaniu terapii
metforming celowym jest zaczynanie terapii od formy XR,
CZy raczej pozostawienie te] opcji terapeutycznej na
wypadek ewentualnej nietolerancji metforminy IR?
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