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Metformin i de from Galega officinalis flower
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From Plant to Pill: A Look at Metformin’s 100-Year History

Written by Amber Walsh, PharmD Candidate | Reviewed by Christina
Mgﬂ‘ S @ @
Published on September 20, 2023

people who may benefit from metforn able to take it.

Galega ollicinalis

ORIGINAL ARTWORK BY MADDIE PHIPPS
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Metformin
J. Sterne. 1957

Table I Summary of the Pharmacokinetics Characteristics of Metformin

H-oN N N
H H
Phenformin
G. Ungar. 1957

Pharmacokinetics Parameters

Values

Absolute bioavailability

50-60% in healthy individuals

plasma concentration

Time to reach Cmax (Tmax) 2.5 hours
Kinetics of metformin absorption Non-linear
At scheduled and recommended doses time to reach steady state | 24—48 hours

Steady state plasma concentration

Less than |ug/mL

Mean volume of distribution (Vd)

Ranged between 63-276 L

Selective distribution

Red blood cells most likely represent a secondary compartment of distribution

Excretion

Unchanged in urine

Renal clearance

>400mL/min (indicating glomerular filtration and tubular secretion

Apparent terminal elimination half-life

Approximately 6.5 hours
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Metformin : cellular mechanisms, precjiica
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Metformin: Is it a drug for all reasons and diseases? 75 TE[HZALFIFI E s B Ay EENE ?

Metformin's cardiyijlar benefits
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A 7 Cardiovascular benefits of
o " metformin

* Lowered blood glucose

* Endothelium protection

» Antioxidative actions

= linﬂammation

}leukocyte adhesion

- |blood pressure

. lmicro/macrovascular
complications

* Metabolic, CV and anti-inflammatory actions
decrease neurodegenerative disease.

* Antihyperglycemic-independent effects
elicit GDF15-mediated weight loss.

« Lipid homeostasis
. ladiposity

. l gluconeogenesis and
lipogenesis

Enhanced SGLT-1 activity?
Gl side effects

> AMPK-dependent GLP-1 release
. lvitamin B12 absorption
PaN

D

» SecretionNéE/OC ransporters
. lGFR leading to metf imaccumulation

and toxicity/lactic acidosis
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Metformin fl Jype I Diabetes
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Metformin for @stlc ovary syndrome (PCOS)

O PCOS
Oligomenorrhea/ammenorrhea, hirsutism, acne, infertility;

testosterone > 0.8ng/ml, DHEAS > 20ug/dL, fasting insulin
) > 17mU/L
(4

180 ﬂetformin 500 mg tid -> PCOS
160 - ower serum insulin and insulin resistance
2 140 1 PCOS .
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Metformin: lwi
Cellular mechanism @

on anti-cancer
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drug for all reasons and diseases?

Metformin —
excreted unchanged via
4 kidney

Efflux
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Metformin
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AMPK-independent
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glucose homeostasis
offsetting Warburg effect
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Clinical studies on
“Neurodegenerative disea

METFORMIN
*neuroprotective actions l \
Focus on anti-aging benefits

300 AMPK activation Autophagy activation
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Open access Original research

SUEELE Incident dementia risk among patients
Diabetes

Metfor
° Research with type 2 diabetes receiving
D e m e n t' ‘?O Care metformin versus alternative oral

glucose-lowering therapy: an
observational cohort study using UK
primary healthcare records

Epidemiology/Health services research
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Metformin - Degetia and Mild cognition impairement

« Women life: 0% 4 SREZHA

L L]
Table 2 Associations of metformin versus alternative GLT with derpéntia andwl A g I n g p e r I O d
/SE

Exposure N persons N events HR (95%&) RMSE P value

Dementia N\ |

Age-adjusted
Other GLTs 32063 1650 1 (ref) 0.162 . |
Mitf 179333 4992 1.01 (0.96 to 1.07) 29 0.653 Chronic

Minimally adjusted (adjusted by age, sex and calendar time) d | seases X .
Other GLTs 32063 1650 1 (ref) Disabil ity
Mtf 179333 4992 0.83 (0.79 to 0.88) 0.024 <0.001

Fully adjusted” L‘
Other GLTs 16547 713 1 (ref) 0. =
Mtf 130336 3282 0.87 (0.79 to 0.94) 0.038

e Infection Dementia

Age-adjusted

Other GLTs 32063 2438 1 (ref) 0.086

Mtf 179333 8366 1.00 (0.95 to 1.05) 0.023 0.98
Minimally adjusted (adjusted by age, sex and calendar time) M

Other GLTs 32063 2438 1 (ref) 0.024 : g e . .

Mtf 179333 8366 0.92 (0.87 to 0.96) 0.022 <0.001 VU g n It 1Ion 1m p alrme nt
Fully adjusted”

Other GLTs 16547 1105 1 (ref) 0.035

Mtf 130336 5814 0.92 (0.86 to 0.99) 0.032 0.017

Excludes ethnicity.

*Adjusted for age, sex, calendar time, IMD, body mass index, smoking status, alcohol excess, statin use, antihypertensive use, hypertension,
asthma, COPD, liver disease, coronary heart disease, peripheral vascular disease, stroke, diabetic retinopathy, neuropathy, brain injury,
depression, autoimmune disease, CKD, heart failure, skin and soft tissue infection, urinary tract infection, lower respiratory tract infection,
sepsis and baseline HbA1c.

CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; GLT, glucose-lowering therapy; HbA1c, hemoglobin Aic; IMD, Galggaiofigimalis
Index of Multiple Deprivation; MCI, mild cognitive impairment; Mtf, merformin; RMSE, root mean-squared error. ORIGINAL ARTWORK BY MADDIF PHIPTS




Supportive vs Questionable %

Table 3 Associations of metformin versus alternative GLT with dementia and M atified by agé'group and sex Table 4 Sensitivity analyses”
Exposure N persons N events HR (95% }ﬂ \ P value Exposure N persons N events HR (95% Cl) P value
Dementia (1) (a) Lagged analysis excluding dementia diagnoses in first 3 months
Age Other GLTs 16042 697 1 (ref)
e S G VT B 1 re Metfornllln - 127249. . 3239 0.88 (0.81 to 0.96) 0.004
(b) Excluding dementia diagnoses in first 6 months
Mtf 122441 1542 0.78 (0.68 to 0.89) Other GLTs 15498 679 e
G G G giles LD LS Metformin 123699 3182 0.88 (0.81 t0 0.97) 0.008
L S Uzl 0.93 (0.83 10 1.03) (c) Excluding dementia diagnoses in first year
Sex Other GLTs 14531 658 1 (ref)
Male Other GLTs 5791 257 1 (ref) etformin 116211 3050 0.88 (0.80 to 0.96) 0.003
Mtf 44853 1256 0.87 (0.77 to 0.99) 0.03 (d){Excluding dementia diagnoses in first 2 years
Female Other GLTs 3558 270 1 (base) 12863 595 1 (ref)
Mt 31499 1334 0.86 (0.76 to 0.97) 0.011 102177 2780 0.88 (0.81 t0 0.97) 0.01
MCI h entry post-2004
Age 14070 540 1 (ref)
<80 Other GLTs 14339 623 1 (ref) i '\, 124374 2982 0.88 (0.80 to 0.97) 0.008
Mt 122441 3863 0.83 (0.76 to 0.91) <0.001 012
80+ Other GLTs 4839 482 1 (ref) 106 1 ref)
Mitf 22060 1951 1.05 (0.95 to 1.17) 0.35 2 & Bi) ket i 1) L
Sex (4) Restricted to t HES linka
Male Other GLTs 9986 587 1 (ref) Other GLTs 7922 369 1(reh)
Metformin 606 1453 0.80 (0.71 to 0.90) <0.001
Mtf 75587 2995 0.89 (0.81 to 0.98) 0.018 _
Female Other GLTs 6561 518 1 (ref) (5) 'As-treated’ analysis
Other GLTs 1653 713 1 (ref)
Mtf 54749 2819 0.95 (0.86 t0 1.05) 0.32 Metformin 130278 3 0.90 (0.83 to 0.98) 0.021

Interaction tests: dementia—age: p=0.03; dementia—sex: p=0.37; MCl-age: 0.0014; MCl-sex: 0.58. “Confounder adjustment as per fully adjusted modelsgtable 2

GLT, glucose-lowering therapy; MCI, mild cognitive impairment; Mtf, metformin. GLTs, glucose-lowering therapies: HES, Hospital Egisode Statistics
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Metformin: Is

metformin
diet) proving

The UKPDS data [18,
24] with metformin
highlight the CV
benefits of reducing
insulin resistance and
hyperglycemia that also
reduces the risk and
impact of age-related
diseases including
cancer and
neurodegenerative
diseases, thereby
improving healthspan.

INn older rodents calorie
restriction, but not metformin,
has been reported to extend
average lifespan [338-342].

Data from MASTERS
(Metformin to
Augment Strength
Training Effective
Response in
Seniors) indicated
that treatment of
healthy female and
males over 65 of
age blunted the
positive effects of

a drug for all reasons and diseases?

Several studies have
demonstrated that
exposure of
nematodes to
metformin delays
aging and enhances
lifespan [45, 331,
332].

Metformin reduces
lifespan in older
nematodes and
linked to reduced

numbers of

mitochondria [333].

exercise on _skeletal
muscle [42].

No studies reported on effects
of metformin on larvae of fruit flies.

[334].

Metformin activates AMPK [

does not extend lifespan in
either female or male fruit flies
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o
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Controversial:
- life span
- dosage
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| muscle



Metformin: Is iga drug for all reasons and diseases?  |usmdm

Potential targets for ion of metformin

Neurodegeneration
® ®

Metformin @
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— .! .. — (/ ‘z;‘.,
» Lung ) S

* Muscle/adipose
* Reproduction
* Pancreas/colon

 Breast cancer
 Endothelium/ CVD
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Metformiw spromotes woman health

N

« Woman life- S04 454

P S

baby

* Blood draw on cycle days 2-5 T = elevated
**Approximate expected level based on assays using current international pituitary standard® % _

O
1959

Menarche | FMPT0) |
| Stage -5 [-4 [-3b  [-3a : : EA N N AL
Terminology REPRODUCTIVE MENOPAUSAL POSTMENOPAUS
| Early | Peak | Late Early | Late Eml 6 i
Duration variable variable 1-3 years 2 years Bormair I ,
(1 +1) ifespal ‘ ’
PRINCIPAL CRITERIA -~
Menstrual Variable | Regular | Regular | Subtle Variable Interval of =
Cycle 10 regular changes Length amenorrhea
Flow/ Persistent of >=60
Length 27- day days
difference in
length of
consecutive
cycles
SUPPORTIVE CRITERIA
Endocrine
FSH Low Variable' 1\!miabla' 1 >25 lUL™ TVariﬁla Stabilizes
AMH Low Low Low Low Low Very Low
Inhibin B Low Low Low Low Very Low
Antral Follicle Low Low Low Low VeryLow | Very Low
Count
DESCRIPTIVE CHARACTERISTICS
Symptoms Vasomotor | Vasomotor Increasing
symptoms | symptoms symptoms of
Lik Most ital

RESULTS BY YEAR

B

<>

Woman life

young

<&

31,04

fertility

sults

Midlife — aging

After- reproduction
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Metformigmromotes woman health
~ ReproduGipoq
« Women life : 0% iﬁé REZHH Reproduction

v' 2023 Recommendations
International evidence-based guud(eyl r the
assessment and management of P ‘a

v' Metformin for Diabetes in Pregnancy 06)

~

Are we closer to defining its role?

Metformin Plus Insulin for preexisting |
Diabetes or Gestational diabetes | |

| v
in early preghancy infertility Oﬁ High risk pregnancy

< 2 Page -I I:::::I of 3,105 > >

lBoza

The MOMPOD Randomized Clinical trial
JAMA 2023; 330(22):2182-90




Metfor

Recommendations f
International Evidence-
Guideline for the Assessm
Management of Polycystic
Ovary Syndromef

2023

Helena J. Teede,® Chau Thien Tay,*® Joop Laven,”* Anuja Dokras, Lisa J. Moran,a'b Terhi T. Piltonen,®
Michael F. Costello,”f Jacky Boivin,? Leanne M. Redman," Jacqueline A. Boyle,>' Robert. J. Norman,®

Aya Mousa,? and Anju E. Joham®® on behalf of the International PCOS Network*

@ Monash Centre for Health Research and Implementation, Monash University and Monash Health, Melbourne, Victoria,
Australia; ® National Health and Medical Research Council Centre for Research Excellence in Women’s Health in
Reproductive Life, Australia; © Division of Reproductive Endocrinology and Infertility, Department of Obstetrics and
Gynaecology, Erasmus Medical Centre, Rotterdam, The Netherlands; ¢ Obstetrics and Gynecology, University of
Pennsylvania, Philadelphia, Pennsylvania, U.S.A.; © Department of Obstetrics and Gynaecology, Medical Research Center
Ouly, Research Unit of Clinical Medicine, University of Oulu and Oulu University Hospital, Oulu, Finland; f University of
New South Wales, New South Wales, Australia; ® Cymru Fertility and Reproductive Research, School of Psychology,
Cardiff University, Cardiff, Wales, United Kingdom; Pennington Biomedical Research Center, Louisiana State
University, Baton Rouge, Louisiana, U.S.A.; ' Eastern Health Clinical School, Monash University, Melbourne, Victoria,
Australia; ! Robinson Research Institute, University of Adelaide, Adelaide, South Australia, Australia
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EBR >CR > PP

nd PCOS -1

Categories of PCOS guideline recommendations

EBR Evidence Based Recommendations:
Evidence sufficient to inform a
recommendation made by the
guideline development group.

Consensus Recommendations: In
the absence of adequate
evidence, a consensus
recommendation has been
made by the guideline
development group, also
informed by evidence from the
general population.

Practice Points: Evidence not
sought. A practice point has
been made by the guideline
development group where
important issues arose from
discussion of evidence-based or
consensus recommendations.

CR

%

PP\, A

PCOS, polycystic ovary syndrome.
Teede. Intemational PCOS Guideline

Steril 2023.
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Central Blue Pathway follows best practice evidencé and is preferred

roteratic Ovary Symavome. a. Baseline investigations (see narrative):

jDistceie iomalcnal Gueing i. Diagnosis of PCOS - Endocrine profile and pelvic ultrasound scan
Full baseline investigations * ii. Assessment of BMI, BP & glycemic status (OGTT / HbA1c)
ii. Routine preconception assessments (Rubella immunity, infection screen efc..), advice
Optimise preconception and supplementation.
heaith and [Feetviel iv. Additional investigations: semen analysis and consider tubal patency assessment
. L _ " b. Healthy lifestyle encompassing healthy eafing and regular physical activity should be
LETL Sl | etczois increesing —e i’ recommended in all those with PCOS to limit adverse impacts on fertility and fertility

efficacy and costs: Clomiphene citrate + metformin
» ¥ (preferred to clomiphene alone), clomiphene,
l metformin (low cost/low efficacy/no monitoring) or |

eatment outcomes and to optimize health during pregnancy
label prescribina; Letrozole. metformin and other pharmacological treatments are
off label in PCOS, as pharmaceutical companies have not applied for approval in

gonadotrophins (high cost/ multiple pregnancy/
high efficacy/ monitoring) =4 y

. —»
Ovulation Repeated cycles— shared
No detected? decision-making
Yes considering age and
. ” resources then to IVF
Second line Gonadotrophins® with
Medical US monitoring. Adjusting
Treatment dose as required. Can consider Laparoscopic ovarian surgery,

OR noting need for facilities and experience

|

No Ovulation Yes

r detected? -

In vitro fertilization ‘

Repeated cycles —
shared decision-making
considering age and

Ronsdiudehnibe A specific protocols to minimise risk
maturation if available.

Third line Medical

Treatment




Metformi

d PCOS -3

Quality (certainty) of evidence categori
High OODD

Moderate CXCNCT@)

effect estimate. Yhe tru
effect is likely to be c|@§&to
the estimate of the e

but there is a possibility
it is different.

Limited confidence in the effect
estimate. The true effect may
be substantially different
from the estimate of the
effect.

Very little confidence in the
effect estimate. The true
effect is likely to be

substantially different from
the estimate of the effect.

GRADE, Grading of Recommendations, Assessment, Development, and Evaluation.
Teede. International PCOS Guideline 2023. Fertil Steril 2023.

Low

00

Very Low - 1000)

The Grading of Recommendations, Assessment, Development, and
Evaluation (GRADE) framework recommendation strength

@ Conditional recommendation against the
option.
L2 2 Conditional recommendation for either the

option or the comparison.
Conditional recommendation for the
opftion.
2 Strong recommendation for the option.

ational PCOS Guideline 2023. Fertif Steril 2023.

A

Qality of evidence

‘ Reco

dation for the option




Metfor nd PCO -4 Quality of evidence

5.4 e and metformin
5.4.1 - Metformin vs placebo
5.4.1.1 EBR i o/lsed alone, in women with PCOS with anovulatory PP Conditional

infertilithand#o other infertility factors, to improve clinical pregnancy and 000

i Parming women that there are more effective recommendation

5.4.1.2 PP Women should be cé a¢'to potential mild gastrointestinal side-effects For the option

with metformin.
5413 PP Healthcare and resource¥urden in g monitoring, travel and costs are i .

lower with metformin. Low Quality of evidence
5414 PP Consideration of age and screefiifig er fertility factors needs to be

iscussed before prescribin

5.4.2 Clomiphene citrate verses me
5.4.2.1 EBR Clomiphene citrate could be used in pre ormin in women with Sod CC

PCOS with anovulatory infertility an
improve ovulation, clinical pregnancy an RS.
5422 PP The risk of multiple pregnancy is increased wit ate use (alone

o factors, to ®800 VS Metformin

543 Clomiphene citrate and metformin verses clomiphene citraté alpne

5.4.3.1 EBR Clomiphene citrate combined with metformin could be used N Sod i
clomiphene citrate alone in women with PCOS with anové@atory infeftility X100 CC+Metformin vs CC
and no other infertility factors to improve ovulation and clinfsal pgggnancy
rates. /\

544 Clomiphene citrate and metformin versus metformin alone

5441 EBR Clomiphene citrate combined with metformin could be used rather than Sod ;
metformin alone in women with PCOS with anovulatory infertility and n ® 000 CC+metformin vs
other infertility factors to improve live birth rates. metformin

5442 PP Monitoring of combined cycles will need to be equivalent to clomiphene
citrate alone.




5.7.5
5.7.5.1 EBR metformln therapy could be used before and/or during FSH ovarian
m.in women with PCOS undergoing IVF/ICSI treatment with
long protocol, to reduce the risk of developing ovarian
lon syndrome and miscarriage.
5.7.5.2 PP nd IVF is the use of a GnRH antagonist protocol as it

ing a GnRH agonist trigger, freeze all strategy to
yperstimulation syndrome. However, if using a
| then metformin could be considered.

uld be considered:

GnRH agonist I
If using metformin, th
e Commence metformin at
o Gradually titrate metform

Qf GnRH agonist treatment.
' pAD a ddse of between 1000mg to 2500mg
daily in order to minimize sid®
e Stopping metformin therapy at the t|me ojte pregnancy test or period,
unless the metformin therapy is othe .
* 1000-2500 mg

« Add B12 ; Reduce the risk of OHSS

G
SDO0O

Adjunct metformin
Conditional
recommendation
For the option

Low evidence




Metformin &
Weight loss

Time course and dose effect of metformin on weight in

patients with different disease states
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Takle 2. Parameter estimates of feal modd and 50% confidential interval.
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Figure 2. Erediction-comected visual predictive check plas.
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maximurn efficacy; and (e} for patients with obesity, a dose of As is well-known, current ewidence shows that the effects of
1000 ma/day metformin s required for 151 weeks to play  metformin on weight are likely to be 3 decrease in caloric
a better effect, 81 weeks to achieve maximum efficacy. intake and direct and indirect effects on appetite regulation
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Antipsychotic weight gain
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Figure 3. Model prediction.

(a) Patients with type 2 diabetes mellitus, (b) patients with antipsychotic induced weight gain,
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rly Pregnancy

Metformin Plus Insulin for Preexisting Diabetes or Gestational Diabetes

y}QMPOD Randomized Clinical Trial
4 AN

Table 1. Study Participant Baseline CharacterWnti%d)

Figure. MOMPOD Study Flow Diagram

.o /S >

2667 Pregnant patients with a singleton; gestation and
pregestational type 2 diabetes or diabetes identified
early in pregnancy assessed for eligibility

Metformin \/hﬁulin

plus insulin plus p

(n =397) (n

0
7

Gestational age

at enrollment, wk'
18 to <23 162 (41) 165 (42)
<18 235 (59) 232 (58)

HbA, . % at enrollment® n=361 n =361
Mean (SD) 7.7 (2.02) 7.7 (1.97)
Median (IQR) 7.2(6.0-9.1) 7.3(6.1-9.1)

Gestational age 11.1(4.4) 10.6 (5.4)

at HbA, . measurement,

mean (SD), wk

Gestational age 10.3 10.3

at HbA, . measurement, (7.9-14.1) (7.4-13.7)

median (IQR), wk

‘ (831 Randomized®

1836 Excluded
664 Did not meet inclusion criteria
1172 Declined to participate

375 Declined metformin
264 Noreason given
141 Declined research
117 Wanted metformin

47 Declined insulin

35 Clinician declined
199 Other reasons

17 US clinical sites
June 2017 ~ May 2022

416 Randomized to receive
insulin plus placebo

Randomized to receive
etformin plus insulin

18 Excludedfrom analysis, -
no study drig taken

19 Excluded from analysis,
no study drug taken

119 Discontinued study drugP®
61 Patient decision or extended nonuse
28 Adverse event

17 Developed medical contraindication
or met exclusion criteria

13 Other reasons
8 Lost to follow-up?

v

397 Included in the primary analysis

397 Included in the primary analysis A |




Metformin

pregnancy

Table 1. Study Participant Baseline Characteristics

JAMA | Original Investigation

POD Randomized Clinical Trial

’ tformin Plus Insulin for Preexisting Diabetes or Gestational Diabetes

(2)

etes characteristics

No. (%) 311(78) 31309) Asian populatlon was samll
Metformin Insulin H H IR T T 0
plus insulin plus placebo 86 (22) 84 (21) H |Span |C eth Inltyo 51 A)
(n=397) (n = 397) 174 (44) 181 (46)
Demographics 162 (41) 175 (44)
Age, mean (SD), y 32.8(5.5) 33.1(5.7) . . Preexisiting T2D : 78%
n= n=
Race®
: : (1) 1 (0) HbA,  26.5% 25(29) 22(26)
American Indian 3 Fasting blood glucose 6) 5(6) . H H
or Alaska Native 2126 ma/al. Metformin used earlier in
Asi 10 (3) 13 (3) 1-h 0GTT=200 mg/dL 24(29)
slan 2-Step method positive 20 (24) p rega N cy: 4 1’ 44%
Black or African American 119 (30) 115 (29) 1-Step method positive 4) 12(14)
Native Hawaiian 2(1) 2(1) o boratary resae e
or Other Pacific Islander i i . .
, requming medication Chronic hypertension
White 55 (14) 57 (14) Smoking during pregnancy . . . . o
> 2 Races 8(2) 2(1) Body mass index requireing medication 26,22%
at enrollment®
Not reported or declined 95 (24) 97 (24) Mean (SD) 36.4(8.0) 36.3(8
to report Median (IQR) ?351_22 ) ?241.9.46 )
Hispanic ethnicity® Distribution o . B I . 36.4, 36.3
No 194 (49) 188 (47) A 76(19) 105 (26)
30 to <40 198 (50) 164 (41)
Yes 203 (51) 209 (53) 240 109 27) 110 (28)
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Metformin Plus Insulin for Preexisting Diabetes or Gestational Diabetes
arly Pregnancy
/o\OMPOD Randomized Clinical Trial (3

—2

Table 2. Primary Composite Neonatal Outcome and Components \/ A

Metformin 7
preghancy

Metformin Insulin
plus insulin plus placebo adjusted absolute difference Adjusted odds ratio . . .
(n = 307)° (n = 307)° (95% C) (95% C)° Metformine plus insulin
Composite primary outcome® 280(71) 292 (74) V -3.9 .49 t0 3.99) 0.86 (0.63t0 1.19) i i
Live births¢ 386 (97) 384 (97) has no increased risk
Fetal and neonatal death 11 (3) 13 (3) 3 to 15.95) 0.83 (0.36t0 1.89) t h | | . t
Miscarriage <20 wk 7(2) 4(1) an Insulin p rega nts
Stillbirth 220 wk 3(1) 7(2)
Neonatal death <28 d 1(<1) 2(1)
Preterm birth <37 wk 130 (34) 143 (37) -3.89 (-11.27 t0 3,49 0.86 (0.64 to 1.16)
Neonatal hypoglycemia 152 (39) 162 (42) -2.91(-10.09t0 4.2 0.89 (0.67 to 1.19)
Birth trauma 16 (4) 16 (4) -0.14(-17.83t0 17.56) 1.02 (0.50 to0 2.07)
Umbilical artery pH <7.05 9(2) 9(2) Metformine o lus
Shoulder dystocia 7(2 7(2 H H
y @) @ insulin has lesser large
Hyperbilirubinemia 87 (23) 92 (24) -1.99 (-10.35 t0 6.37) 0.93 (0/66.to 1.30) .
requiring phototherapy for gestational age
Large for gestational age 100 (26) 137 (36) -11.46(-19.04 to -3.88) 3(0.46 t0/0.86) .
(>90th percentile) (>90th perce Nnti |e)
Small for gestational age 30(8) 26 (7) 3.71(-9.86t017.28) 1.17 (0%68t0 2.0
(<10th percentile)
Low birth weight 81(21) 73(19) 3.08 (-5.73t011.90) 1.14 (0.80t01.63)
(<2500 g)
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Communication

Neoadjuvant Metformin Added to Systemic Therapy
ecreases the Proliferative Capacity of Residual
st Cancer

n
»

Yproliferative bz

['Q
>

| 850 mg MET/ablet twidegfday

Abstract: The proliferative capacity of residual breast cancer (BC) disease indicates the existence of
partial treatment resistance and higher probability of tumor recurrence. We explored the therapeutic
potential of adding neoadjuvant metformin as an innovative strategy to decrease the proliferative
potential of residual BC cells in patients failing to achieve pathological complete response (pCR)
after pre-operative therapy. We performed a prospective analysis involving the intention-to-treat
population of the (Metformin and Trastuzumab in Neoadjuvancy) METTEN study, a randomized
multicenter phase II trial of women with primary, non-metastatic (human epidermal growth factor
receptor 2) HER2-positive BC evaluating the efficacy, tolerability, and safety of oral metformin
(850 mg twice-daily) for 24 weeks combined with anthracycline/taxane-based chemotherapy and
trastuzumab (arm A) or equivalent regimen without metformin (arm B), before surgery. We centrally
evaluated the proliferation marker Ki67 on sequential core biopsies using visual assessment (VA) and
an (Food and Drug Administration) FDA-cleared automated digital image analysis (ADIA) algorithm.
IA-based pre-operative values of high Ki67 (>20%), but not those from VA, significantly predicted

e occurrence of pCR in both arms irrespective of the hormone receptor status (p = 0.024 and 0.120,
respectlvely) Changes in Ki67 in residual tumors of non-pCR patients were significantly higher in
the metfo -containing arm (p = 0.025), with half of all patients exhibiting high Ki67 at baseline
i e low-Ki67 (<20%) category after neoadjuvant treatment. By contrast, no statistically

HER2W°"_"_9" Withl ogerable - ~ ignifi ges in Ki67 occurred in residual tumors of the control treatment arm (p = 0.293).
-positive early breast cancer Neoadjuvant treatment (24 weeks) pCR T i gént need for innovative therapeutic strategies aiming to provide the protective effects
I ecreasinig Ki67 after neoadjuvant treatment even if pCR is not achieved. Metformin would be

Paclitaxel 80 mg/m? once weekly (pre-operative) systemic therapy of BC patients.

Pre-randomization period
(up to 28 days)

Core biopsy

>
w

o
9
o

o

e

=}
o

Randomization 1:1

D Trastuzumab 4 mg/Kg, loading dose 2 mg/kg once weekly
B Vetformin 1,700 mg/day, 850 mghtablet twice a day Keywords: mefformin; Ki67; bfeast cancer; residual disease

. FEC: Flurouracil 600 mg/m? Epirubicin 75 mg/m? Cyclophosphamide 600 mg/m? every 3 weeks
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Ki67 =20% i—@—— p=0.125

E Adjusted for HR status
Ki67 < 20% # /

Ki67 =20% % | p=0.024
i Adjusted for HR status
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. 20% +—B———————— p=0.034
i Not adjusted for HR status
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Ki67 score (%)
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Baseline Baseline

Pre-operative

Patient #1 0:IO

~ Patient #1 526

_Patient #1013

PRt

Baseline Pre-operative

Pre-operative

Whole cohort Arm A Arm B
p=0.009 p=0.035
p=0.014 | — 100+ 100+ p=0.293 p=0.080
- —
i . p=0.025 -
—~ 84 ~ 807
S )
@ 60 2 607
Q
@ 40 @ 40
VA 1 5 S
Baseline  Pre-operative X 20+ * 204
0_
B P B P B P
ADIA VA ADIA

poxes) and 25th and 75th percentile (lower and upper
times the interquartile range from the 25th and 75th

Patient #§1 5

Arm A- metformin (+)
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More Ki67 diffe
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CT Effect of Metformin vs Placebo on Invasive Disease-Free Survival
in Patients With Breast Cancer
The MA.32 Randomized Clinical Trial

Metformi
non-T12D

2010~2020
95-96 months follow up

Table 2. Breakdawn Of II"I\faSiVe DiSeaSe—Fl'ee sur\fi\fal al"ld O\lel'a“ Wnts in Pa 'ents Figure 2. Effect of Metformin vs Placebo on Invasive Disease-Free Survival and Overall Survival
With Breast Cancer Without Diabetes®® ER/PgR+ population Metformin
[] Invasive disease-free survival Overall survival Placebo
No. (%) / ) 100 100-
_\
ER/PgR+ population ER/PgR# population z 0 \\\ 80
Metformin Placebo L :
(n=1268) (n =1265) % z
Patients with an invasive 234(18.5) 231(18.3) g 40 § 401
disease-free survival event N ° ol
Event type for first event R o Vit A0 e 0o 1Aty
0 0
Distant recurrence 127 (10.0) 129(10.2) 55 (9.9) oo @ T L
Local or regional recurrence 32 (2'5) 39 (3'1) 27 (4‘9) 29 NDMaett;&i)Srl:nin 1268 1192 1126 1071 1021 980 934 864 526 Noh-llaetﬁr(i)srl:nin 1268 1224 1182 1144 1101 1061 1014 941 576
. lacebo 1265 1198 1130 1071 1021 980 952 870 550 Placebo 1265 1231 1187 1148 1104 1064 1031 949 602
Invasive contralateral breast tumor 15(1.2) 9(0.7) 10(1.8) 9(1.6)
. ER/pgR- population
Ne'.‘..f primary (non-breast cancer) 49(3.9) 48(3.8) 25(4.5) 12(2.1) [€] invasNgsase-ree survival [8] overtisurviat
malignancy 100
\
Death (breast cancer) 0 0 0 1(0.2) o
g 80|
Death (other primary malignancy) 0 1(0.1) 0 0 g ®
] £ 60
Death (primary cardiovascular disease) 3(0.2) 1(0.1) 0 0 3 5
g T 404
Death (other and unknown) 8(0.6) 4(0.4) 5(0.9) 5(0.9) ‘E 2
Patients with a death at any time 131(10.3) 119(9.4) 70(12.6) 79 (14.1) g oot -2 " susstog-ankes, p= 46
. o 01485% Cl, 0.79-1.30) HR, 0.89 (95% Cl, 0.64-1.23)
(before or after an invasive 0 0 ; : : . : . : ‘
. . 0 12 24 36 48 60 72 84 96
disease-free survival event) Time, mo
cause Uf death NDMaett;&i)Srl:nin 556 490 461 347 176 Noh-llaetﬁr(i)srl:nin 556 525 500 474 449 426 407 383 197
Placebo 560 492 455 390 351 197 Placebo 560 531 492 467 444 426 418 383 210
Breast cancer 99 (7.8) 91(7.2) 56(10.1) 69(12.3)
. R The median durati f follow- 96 tl , 86- B, O Il ival.
Other primary malignancy 15(1.2) 15(1.2) 6(1.1) 4(0.7) gr:un;s o;a:atil;:ts“wi& e‘:tr?;el:npr:v:esptor an, j C. m‘;z:‘,: :ir:el:;_f,ee survival (events include breast cancer recurrence, new
Cardiovascular disease 4 (0 . 3) 2 (02) 0 0 groups of patients with ER/PgR- breast cancer. rlm:g;r:uc:isv:r death).
Other condition 13(1.0) 11(0.9) 8(L.4) 6(1.1) B ey C ensincldebresstca
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Effect of Metformin vs Placebo on Invasive Disease-Free Survival
in Patients With Breast Cancer
The MA.32 Randomized Clinical Trial

UK USA Canada Switzerland

Figure 3. Exploratory Analysis of the Eff
With ERBB2-Positive Breast Cancer

Metformi
non-DM %

tformin vs Placebo on Invasive Disease-Free and Overall Survival in the Patients

HER-2 NEU positive BC - free

rv% FS)and over all survival

E] Invasive disease-free survival

100

Metformin

80

60+

40

20+

Invasive disease-free survival, %

Log-rank test, P=.03
HR, 0.64 (95% Cl, 0.43-0.95)

0 12 24 36 48 60 72
Time, mo

84 96

No. at risk
Metformin 314 297 275 264 250 242 232 218 126
Placebo 306 286 266 249 230 222 214 870 550

- Overall survival

100 Metformin
Placebo
Log-rank test, P=.04
HR, 0.54 (95% CI, 0.30-0.98)
2 24 36 48 60 72 84 96
Time, mo
No. at risk
Metformin 314 30 287 281 268 258 249 234 135
Placebo 306 2 281 271 257 245 237 214 129

The median duration of follow-up was 96 months (IQR, 85-101) for both
treatment groups of patients with human epidermal growth factor receptor 2
(ERBB2, formerly HER2 or HER2/neu).

A, Invasive disease-free survival (events/inclide breast cancer recurrence, new
primary cancers, or death).
B, Overall survival.
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PaN
AR

+ difference on DFS
HER-2 (+) BC

Study Designation  Phase Intervention Qutcome
METTEN stud Neoadjuvant treatment in HER-2 positive BC ~ pCR in metformin 65.5%, (95% CI: 47.3-80.1)
y " (weekly paclitaxel + zumab followed vs control arm 58.6%, (95% CI: 40.7-74.5)
by 4 cycles of 3-weekly FEC + tpast ab) o) . B
N=84 plus metformin (850 mg bi m OR 1.34 [95% CI: 0.46-3.89], p = 0.589
\/ ER positive/HER-2 negative patients
NCIC MA.32 DFS (HR = 1.01; 95% CI, 0.84-1.21)
(HR = 1.1; 95% CI, 0.86-1.41)
Adjuvant treatment with Metformin negative/HER-2 negative patients
(NCT01101438) I (850 mg bid)/pbo for 5 years in =1.01; 95% CI, 0.79-1.3)
non-diabetic population. = 0.89; 95% (I, 0.64-1.23)
e regardless ER status
N = 3649 .64;95% CI, 0.43-0.95)
.?%E\CL 0.3-0.98)
. 4 mf (95% CI 728-10.4) in metformin vs.
MYME trial - . . 9.9 m. cW% CI7.4-11.5 p = 0.651)
emotherapy regimen in metastatic BC - .
with 8 cveles of non- lated liposomal 0S 34.4 m. (95% CI 19.3-37'2) metformin vs.
(NCT01885013) noog e pegy po 26.8 m. control arm (95% CI 19:4-37.9)
oxorubicin plus cyclophosphamide plus N A 0
metformin 1000 mg bid/control HR 0281’ 5% C.:I 0.5¢1 '30.’ p /0382
N =126 No difference in metférminéffects (OS and PFS)
in HOMA <2.5 and >2.
NCT01310231 Chemotherapy regimen in metastatic setting 51;515 24 o l:netforrmn vs. 6.3 mglntrol a
) . 2 (95% CI10.63-2.31).
1 (anthracyclines, platinum, taxanes or 0OS 20.2 m metformin vs. 24.2 m ol arm
N =40 capecitabine) plus metformin 850 mg bid ) L

HR 1.68 (95% CI 0.79-3.55).
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N t;l/SetN Study Medication

Study Designation Phase End Point . .
4 cycles of EC followed by weekly - . Onglng"' PathOIOgIC
NCT04559308 I 80  Neoadiuv aclitaxel plus metformin Clinical benefit rate let ( C R)
(Recruiting) MO mg bis) /control (tumor size) compiete response \p
Neoadjuvant treatment as .
Pf;gﬁf:io /11 120  Neoadjuvancy physician’s choice plus metformin g_]:;';f al fgfﬁ?;:izrs
8 om 850 mg-2550 mg/ day)/pbo <y
v
Letrozo! metformin
NCT01589367 . ..
(Completed) II 208  Neoadjuvancy (1000 up to 24 weeks  Clinical response rate
NCT01929811
(Active, not II 92 Neoadjuvancy pCR
(ee control
recruiting)
. . 4 cycles of AC follo
rflglgif:?gg)s 1I 90 ,lNI\eJO l:?].fie]:s"iacna;)::eu; weekly paclitaxel + CR
+metformin (850 mg bis)¥pbo
Neoad; . Liposomal doxorubicin in
NCT02488564 coaduvancy M combination with Docetaxel and
11 49  HER-2 positive .
(Completed) b Trastuzumab plus Metformin
reast cancer .
(1000 mg bis)
Localized BC not . Ki6Adévels
NCT05023967 tributary to Fast for 216 h plus metformin 350700 of
- II 120 . (1500 mg/day) vs. observation for .
(Recruiting) neoadjuvant 46 weeks prior fo sur adjacent DEIS Galeow officinalt
treatment weeks prior to surgery Toxicity lega officinalis
NCT04143282 I 250 Metastatic breast Standard chemotherapy plus Radiologic I‘ES}_M‘SE rate ORIGINAL ARTWORK BY MADDIE PHIPPS
(Completed) cancer metformin (1000 mg bis) 0OS, DES
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The Relationship betw
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Figure 2: Relationship between metformin use and the risk of cancer worldwide. The midpoint of each segment estimates the odds ratio and length of the

segment, showing the 95% confidence interval in each study
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Continuous use offtformin can improve survival
in type 2 diabeticpati with ovarian cancer
A retrospective study




Metformin and ovarian cancer : where are we now?

Common medications survival in women with ovarian cancer: A
systematic review an } alysis

% %
Statin studies Population (% users) HR (95°% CI) Weight Bela-blocker studies Population (% users) HR (95% CI) Wieight
Metformin studies Population (% users) ;
No ITB H NoITB
: Elmore, USA, 2008 [OS, peri-op, ab] 126 (14%) _O_E— 0.45(0.23,0.88) 193 Johannesdottir, Denmark, 2013 [OS, pre-dx] 6626 (6%) —— 1.17(1.02, 1.34) 14.96
NoITB ! Nielsen, Denmark, 2012 [OVS, pre-dx] 8159 (NS) Ing 087(075,103) 1648 Brown, Ireland, 2015 [OVS, pre-dx, ab] 1823 (24%) -— 108(093,123) 14586
' Wang, USA, 2016 [OVS, pre-d 230 (20%) - 058(040,085) 537 —
Garcia, USA, 2017 [0S, pre/post-dx] 2291 @%) 088066, 117) ng, USA, 2016 [OVS, pre-t) (0% —_— (0.40,085) Springate, UK, 2015 [OVS, pre-dx] 351 (43%) — 105074150 834
! Vogel, USA, 2017 [OVS, peri-0p, ab] 1431 (43%) —— 062(050,077)  11.04 AvNiaim, USA, 2016 (OVS, peri-op] 185 (38%) —_— 066(046,099) 764
Urpilainen, Finland, 2018 [OVS, pre-dx, DM] 421 (18%) ! —— 172(122,243) 15.47 >wunemer, Belgium, 2017 [OVS, post-dx] 4895 (23%) -io— 082(0.72,093) 1952 Heitz, Germany, 2017 [0S, peri-op] 801 (18%) — 084(069.1.29) 940
Subtotal (I-squared = 88.4%, p = 0.003) -|< > 1.22 (0.63, 2.36) 3146 Verdoodt, Denmark, 2017 [OVS, post-dx] 4419 (11%) b 090(0.76,1.08)  14.97 Minlikeeva, Multi-country, 2017 [OS, pre-dx] 2204 (14%) —— 120(1.03,140) 1443
' Unpilainen, Finland, 2018 [OVS, pre-dx, DM] 421 (44%) — 072(056,083) 973 Sublotal (-squared = 45.4%, p =0.103) > 107(096,121) 6962
' 2105 (22%) —— 074(060,091) 1246
'
Likely ITB ! & 076(068,085) 9240 Likely T8,
\ | .
Romero, USA, 2012 [0S, ns, nDM] 341 (5%) 0.58 (0.23, 1.46) 9.8 ! Dlez}USA:2012 06 post:dr] 248(0%) 054020:098) 490!
: | Beeghly-Fadiel, USA, 2015 [0S, pre/post-dx, ab] 147 (12%) — 066(0.51,085)  11.10
Kumar, USA, 2013 [0S, post-dx] 239 (26%) T 0.46 (0.26, 0.83) 1297 442 (15%) — 080(050,120) 364 SR —— . o200 42
143 (30%) —_— 069 (0.41,1.1 304
Simonelli, Germany, 2013 [0S, ns, DM, ab] 888 (3%) —— 0.30 (0.11, 0.80) 876 30%) T 041,147 Bask, South Korea, 2018 [0S, prelpost-dx] 866 (24%) —— 105(080,137) 1069
! 0.0%) . 0sr02L45 0% ‘Sublotal (1-squared = 66.5%, p = 0.030) <: > 081(058,1.13) 3038
Bar, Israel, 2016 [0S, post-d] 143 (8%) - 0.78(0.40, 1.52) 12.00 < 073052, 101)  7.60 ) )
' 1
Clayton, USA, 2016 [0S, ns, ab] 372 (5%) n 053 (027, 1.05) 1.87 \ Overall (I-squared = 68.4%, p = 0.001) < 097(084,1.11) 100,00
\ 6 076(069,084) 10000
Wang, China, 2017 [OS, post-dx, nDM] 568 (8%) —_— 0.43(0.23, 0.66) 1356 ' NOTE: Weignes s from andom esiects obsia
1 NOTE: Weights are rd : T T T T
Subtotal (I-squared = 0.0%, p = 0.662) O 0.50 (0.38, 0.66) 6854 T T 02 05 115 25
' 115 25
'
I
Overall (I-squared = 79.2%, p = 0.000) <> 0.66 (0.4, 1.00) 100.00 % %
d (A) Aspirin studies HR (95%Cl)  Weight
NOTE: Weights are from random effects analysis ! (B) NA-NSAID studies Population (% users) HR (95% CI) Weight
T T T T :
02 05 115 25 No ITB |
i NoITB
Dixon, Multi-country, 2017 [0S, pre-dx] 7694 (1 & 0.96(0.88,1.04) 2555
| Dixon, Multi-country, 2017 [0S, pre-dx] 7694 (23%) 0.97 (0.69,1.05)  37.56
Meritt, USA, 2018 [OVS, pre-dx] 1022 (42%) - 0.99(0.79,1.25) 2030
Meritt, USA, 2018 [OVS, pre-dx] 824 (34%) - 094(0.75,1.18) 1568
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Verdoodt, Denmark, 2018 [OVS, post-dx] 4117 (29%) 097 (0.87,1.08) 3260

Subtotal (I-squared = 0.0%, p = 0.798)

Subtotal (I-squared = 0.0%, p = 0.967) 097 (0.91,103) 8585

. .

Metformin VS Statin beta bloker
A L N SA I D Beeghly-Fadiel, USA, 2015 [0S, pre/post-dx, ab] 1147 (18%) , Likely ITB

S p I n Bar, Israel, 2016 [OS, post-dx] 143 (22%) ——t ). . Beeghly-Fadiel, USA, 2015 [OS, pre/post-dx, ab] 1147 (22%)

Wield, USA, 2017 [0S, post-dx] 77 (17%) (—f— Sibiotal Lequared = % p=)
Subtotal (I-squared = 21.7%, p = 0.279)

069(0.54,088) 1415

069(0.54,088) 14.15

Overall (I-squared = 57.0%, p = 0.073)

No”Aare from random effects analysis.
T T
15 25

0.92(0.82,1.03)  100.00
Overall (I-squared = 80.3%, p = 0.000)

NOTE: Weights are from random effects analysis
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Metformin and ovarian cancer : where are we now?

Review
Mechanisms of Regul
IncRNAs by Metform

of the Expression of miRNAs and
i rian Cancer

pharmaceuticals

MiR =rrrrrrrr
duplex Ll

/

AGO-miR
Nucleus ' Cytoplasm

DNA

&

RISC
miR
T

Crmmmmry’

%} ﬁ%&w | swwer — 1 minazzr

/ \ (AR N ]
Promoter
Hypermethylation

Oncogenic IncRNAs
RCOgEvE e lmg —|Im—7

—p

Pri-miR \ \ &
F9%% iR-570
i miR ¢\ — # W m
Dicer / F/m \ A Metformin | DNMTs +’ - miRNAgene - s
o (£ T b \ O Hypomethylation miRNAS miR-145**
—~ ’
& 3 Promoter
Pre-miR ( m'R\\‘ ot methylation
A J Protein
E in5 "L“L.‘ translation DROS
. ——
C: degradation o — T ‘m‘r\\'\'\
pri-let7b Mé6a-modified Let-7b
pri-let7b
\/\/‘EM\/\J’ e - formi of expression and/or activity Green : P53-d metformin-induced microRNA
1 : jon of expression and/or activity Orange  : E2F3-dependent metformin-induced/repressed microRNA
PrimicoRNA ARG reeeeess b : MicroRNA that is proposed to be regulated by metformin in
s 0 e L. s Sememam ovarian cancer through the shown mechanism

nﬁm

. Metformin
Y Pre-microRNA
- [ P
o] G mfm e ° " y y
~ / s as Figure 1. Diagram of micro
miRNA duplex / two strands. pri-miRNA: primary mi
™ | T8 s N ~ Dicer: RNase III double-stranded R
miR-23a s | mimas RNA-induced silencing complex.

T miR-33a

A (MiRNA

osynthesis. miR duplex: miRNA duplex comprising
exniRNA: precursor miR. mRNA: messenger RNA.
ge. AGO-miR: Argonaute bound to miRNA. RISC:




owosma cB-wiLe@>
@ . (®) —— ©

@ © ®

Metformin Targets ~ OC DEGs

FIGURE 2 Visualization of ovarian cancer-related t

by volcano plots.
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Review Article

Effects of metformhd’ 0
and meta-analysis

C.G. Meireles et al. / Gynecologic Oncoleg)

A

Laskov et al., 2014 (Ki-67)

Laskov et al., 2014 (p-AMPK)
Laskov et al., 2014 (pS6)

Mitsuhashi et al., 2014 (Ki-67)
Mitsuhashi et al., 2014 (Topoisomerase II)

Sivalingam et al., 2016 (Ki-67)

Total (fixed effects)

Total (random effects)

Proportion of cell proliferation biomarker staining before (A) an
patients with endometrial cancer (samples, n = 123).
Results from two types of meta-analysis: fixed and random effect.

Meta-analysis was performed using MedCalc. A. 12 (inconsistency) = 68.22%.
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Metformi endometrial cancer

Review Article

Effects of metformin on endometrial cancer; Systematic review
and meta-analysis

arzari io r 0
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. )
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1 1 1
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Progestin plus formin improves outcomes in patients with ‘%
endometrial h ?I sia and early endometrial cancer more than
progestin alone: -analysis figure 1 ’

Galega officinalis

ORIGINAL ARTWORK BY MADDIE PHIPPS

A

Complete response

Study Prog-Met Prog Weight Odds Ratio v

Events Total Events Total M-H, Fixed, 95%CI
Shan 2014 6 8 2 8 2.00% 9[0.94,86.52] —— °
Tehraniana 2020 27 29 19 27 5.40% 5.68[1.08,29.80] T C o m p a r' n g P ro g - M et ve rS u S
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Total events 209 335
Heterogeneity: Chi2 = 8.77, df = 6 (P = 0.19); I> = 32%
Test for overall effect: Z = 3.00 (P = 0.003) Favors[Prog] |Favors[Prog-Met]
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Study Prog-Met Prog Weight Odds Ratio
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Progestin plus
endometrial h
progestin alone:
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P

A
Study Prog-Met Prog ‘Waight Odds Ratio
Events Total Events Total M-H, Fixed, 95%Cl /\
Shan 2014 6 8 2 8 260%  9]0.94,86.52]
Tehraniana 2020 27 29 19 27 7.10%  5.68[1.08,29.80)
Yang 2020 40 55 39 a7 55.00% 1.23(0.54,2.78)
Tsuda 2020{Ushijima 2023) 21 22 112 137 7.40% 4,69(0.80,36,50)
Keng 2022 78 81 116 138 27.90% 2.88[1.05,7.84]
Total(95% CI) 195 367  100%  2.47[1.454.21]
Total events 170 288
Heterogeneity: Chi? = 5.50, df = 4 (P = 0.24); I = 27%
Test for overall effect: Z = 3.32 (P = 0.0009) Favors[Prog] | Favors[Prog-Met]
T T 1
B 010 1.0 10.0 100.0
Study Prog-Met Prog Weight Odds Ratio
Events Total Events Total M=H, Fixed, 95%CI|
Mitsuhashi 2019 40 42 20 23 7.20%  3.00[0.46,19.43] —_
Yang 2020 12 15 6 9 8.80%  2.00[0.31,13.08) ———
Tsuda 2020(Ushijima 2023) 20 24 132 177 30.80%  1.70[0.55,5.25) -T+—
‘Yuan 2022 43 &0 32 &0 §3.20% 2.211.04,4.72) —-—
Total(95% CI) 141 269 100%  2.09[1.18,3.7T1] —-—
Total events 1185 190
Heterogeneity: Chi* = 0.29, df = 3 (P = 0.96), I = 0%
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T T 1
c 0.10 1.0 10.0 100.0
Study Prog-Met Prog Weight Odds Ratio
Events Total Events Total M=H, Fixed, 95%CI
Zhou 2015 8 9 18 23 6.20% 1.68(0.16,17.52) ——
Mitsuhashi 2019 61 63 20 23 4.90%  4.58(0.71,29.38) Tl—
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Total events 162 328
Heterogeneity: Chi =1.18, df =3 (P =0.78), | =0%
Test for overall effect: Z=2.4h (P = 0.01) Favarlgmg] Favors[Prog-Met]
I 1

0.10

1.0 10.0 100.0

formin improves outcomes in patients with
ia and early endometrial cancer more than
-analysis figure 2

Complete response
comparing Prog-Met versus Prog by
administering progestin systemically

Subgroups:
A) Endometrial hyperplasia,
(B) early-stage endometrial cancer

Jometrial hyperplasia and
Arly-stage endometrial cancer

Effect siz
interval.

Odds ratio >1 1
superior to progs

preseMed as odds ratio with 95% confidence

at progestin combined with metformin is
. Prog,progestin;

Met, metformin




Progestin plus ?formin

endometrial hy.

e
Relapse P

Figure 3

?asia and early endometrial cancer

Study Prog-Met <{_Prog Weight  Odds Ratio
Events Total Events$ ? M-H, Random, 95%ClI

Mitsuhashi 2019 8 61 10 0.80% 0.15[0.05,0.48]

Yang 2020 7 52 6 4 0% 1.01[0.31,3.26]

Tsuda 2020 15 37 119 256 % 0.78[0.39,1.58]
Acosta-Torres 2020 4 23 10 40 1440 3[0.17,2.30]
Total(95% ClI) 173 361 100 :54[0.24,1.20]

Total events 34 145

Heterogeneity: Tau? = 0.37; Chi* = 6.87, df = 3 (P = 0.08); I? = 56%

Test for overall effect: Z=1.51 (P =0.13)

/\ Favors[P

rog-Met]
I

Favors[Prog]

%

0.10

1.0

I I
10.0 100.0




Progestin plus metformin improves outcomes in patients with endometrial
hyperplasia and endometrial cancer more than progestin alone: 5)
a meta-analysis YFj

A A Obstetric outcomes

Study Prog-Met Prog W Odds Ratio
Events Total Events Total —H, Fixed, 95%CI .
Yang 2020 P T Bl 1o : comparing Prog-Met versus Prog
Yuan 2022 49 60 37 60  21.90%
Pino 2022 5 24 5 20 13.9%% 0,19/ Subgroups:
Kong 2022 10 81 14 138 29.30% 1.25[0.53,2.95] L.
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Perspectives of metformin use in endometrial cancer ot
malignancies

Barttomiej Barczynski (9, Karolina Fraszczak and Jan Kotarski

Ist Department of Oncological Gynaecology and Gynaecology, Medical University of Lublin, Lublin, Poland @

ABSTRACT

Insulin resistance and hyperinsulinemia play a key role in type 1 endometrial cancer pathogenesis. Most
of these cancers develop on a background of overweight or type 2 diabetes mellitus (T2DM). One of the
medications widely used in the treatment of T2DM is biguanide derivative, metformin, which exerts prom-
ising anticancer properties principally through activation of adenosine monophosphate kinase (AMPK) and
inhibition of mammalian target of rapamycin (mTOR) pathways. Many epidemiological studies on diabetic
patients show potential preventative role of metformin in endometrial cancer patients, but data regarding
its therapeutic role is still limited. So far, most of attention has been paid to the concept of metformin
use in fertility sparing treatment of early-stage cancer. Another investigated alternative is its application in
patients with primary advanced or recurrent disease. In this review we present the latest data on clinical
use of metformin in endometrial cancer patients and potential underlying mechanisms of its activity.
Finally, we present some most important clinical information regarding metformin efficacy in other gynae-
cological malignancies, mainly breast and ovarian cancer.
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FIGURE 1.
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number; met, metformin.
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Observational studies reporting exaggerated protective effects of
metformin use on cancer incidence and mortality were affected by
time-related biases, such as immortal time bias. Randomized trials
found null effects on cancer incidence, progression, and mortality.

Incident and prevalent new-user designs, rigorous approaches for
observational studies to emulate randomized trials, avoid time-related
biases by comparing like with like at the same time poaint.
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© Prescription of study drug Conclusion: The hypothesis of repurposing metformin as an agent to prevent and treat various cancers, backed by

inaccurate observational studies affected by time-related biases, was refuted by several randomized trials. This futile
17-year quest could have been prevented with properly designed observational studies, avoiding these biases.
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