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 REPRO

D
U

CTIVE SYSTEM

Chem
ical structures of cholesterol and the three m

ajor structural groups 
of steroid horm

ones. A
ll of these have the classic steroid nucleus 

consisting of three six-carbon rings (perhydrophenanthrene) and another 
five-carbon ring (cyclopentano).
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STERO
ID

 H
O
RM

O
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BIO
SYN

TH
ESIS PA

TH
W

A
Y

A
ndrogens

are 
secreted

both
by 

the gonads
and 

the adrenals

D
H
T

5a-reductase

the patterns
of steroidogenesis 

are dictated by the cell-specific 
expression of specific 
steroidogenic enzym

es
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H
YPO

TH
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M
U
S-

PITU
ITA

RY –
GO

N
A
D
A
L A

X
IS 

IN
 M

EN

Illustrative 
profiles of 
serum

 FSH
, 

LH
, and 

testosterone 
concentrations 
obtained by 
sam

pling blood 
every 20 m

in 
for 19 h from

 
antecubital 
and left 
sperm

atic 
veins in one 
young m

an.

Foresta et al., JCEM
 1997
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TH
E FO

LLICLE CO
M

PLEX
O

vocyte
m

aturation

Granulosa cells: 
estrogens

and 
progesterone secretion

Theca
cells: 

androgen
production

Sim
oniet al., 2016

Sim
oniet al., 2016
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O
vary

A
drenal

Peripheral
conversion

Testosterone
25-35

sm
all

50-75 (m
ainly

from
 D

H
EA

)
A

ndrostenedione
60

40
…

D
ihydrotestosterone

…
…

U
p

to 100 
(m

ainly
from

 T 
and A

4)
Estradiol

Sm
all/absent

Predom
inant

Estrone
Sm

all/absent
Predom

inant

D
H

EA
-S

2
98

…
D

H
EA

20
50

…

SO
U

RCE O
F CIRCU
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TIN

G SEX
 STERO
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S 

IN
 W

O
M
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 IN

 M
EN

O
PA

U
SE

18

GO
N

A
D

O
TRO

PIN
S

Follicle-stim
ulating 

horm
one (FSH

) 

Luteinizing horm
one 

(LH
) 

orchestrate the 
M

EN
STRU

A
L CYCLE

O
VA

RIA
N
 or O

VU
LA

TO
RY 

CYCLE
The cyclical changes of the 
endom

etrium
 are determ

ined by the 
cyclical changes in the ovarian 
production of horm

ones, determ
ined in 

turn  by the cyclical activity of the 
hypothalam

us and the pituitary,  
starting with puberty.

Every m
onth, som

e of the follicles
go through a m

aturation process as 
regulated by FSH

.O
nly one follicle will 

ovulate, while the rest undergo atresia. 
The m

aturation of the follicle is 
com

pleted in 14 days. This phase of the 
ovarian (and m

enstrual) cycle is called 
follicular

or even estrogenic phase
because FSH

 stim
ulates the production 

of estrogen. Estrogens stim
ulate the 

proliferation of the endom
etrium

, so 
this phase corresponds to the 
proliferative phase of the uterine cycle.

3) the vesicular follicle now consists of a liquid-filled vesicle whose wall (the 
granular m

em
brane) has a thickening at one pole, called the cum

ulus oophorus, 
which contains the growing oocyte;
4) the interstitial cells form

 layers around the granulose m
em

brane, called thecae, 
which then stratifies in internal and external. The m

ature follicle is com
posed by 

the m
ature oocyte, antrus

and granulosa cells and theca cells. The rupture of the 
follicle m

arks the end of the follicular phase. Granulosa and techa
cells will 

transform
 into the corpus luteum

. 

D
uring the follicular phase

the prim
ary follicle 

undergoes the following 
m

odifications:
1) granulosa cells form

 m
ultiple layers 

(granular m
em

brane) around the 
m

aturing oocyte (secondary follicle); a 
refractive m

em
brane is form

ed 
between the granulosa cells and the 
oocyte, called the zona pellucida;
2) a liquid (the liquor folliculi) is 
secreted by the follicular cells which 
determ

ines the form
ation of the 

follicular cavity (antrum
);
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LH
controls

the
uterine

secretory
phase

by
stim

ulating
and

sustaining
the

developm
ent

of
the

corpus
luteum

.The
corpus

luteum
prepares

the
uterine

m
ucosa

for
im

plantation
of

the
fertilized

oocyte
by

secreting
progesterone,

which
stim

ulates
the

secretion
of

the
endom

etrium
glands.W

hen
progesterone

levelin
blood

reaches
a

certain
concentration,

it
blocks

the
production

of
LH

(both
directly

and
by

blocking
GnRH

).
W

ithout
LH

,
the

corpus
luteum

begins
to

degenerate.
If

the
oocyte

is
fertilized,

the
chorial

cells
produce

the
hum

an
Chorionic

Gonadotropin
(hCG),

which
replaces

LH
in

prom
oting

the
developm

ent
of

the
corpus

luteum
.The

corpus
luteum

becom
es

a
gravidic

corpus
luteum

,and
continues

its
activity

for
4-6

m
onths.

If
the

no
fertilization

occurs,in
absence

of
both

LH
and

hCG,the
corpus

luteum
degenerates

in
10-12

days.
The

consequent
progesterone

reduction
causes

the
degeneration

of
the

endom
etrium

untilthe
m

enstrualbleeding
occurs.

O
ocyte

rupture
defines

ovulation,
preceded

by
an

increase
in

pituitary
LH

(23
hours

before
ovulation).In

m
enstrualcycles

of
28

days,
ovulation

occurs
on

the
14th.

If
the

cycle
is

longer,
ovulation

occurs
later.

A
fter

ovulation,
the

secretory
phase

(also
called

lutein
or

progestin
phase)

of
the

uterine
cycle

begins.

U
TERIN

E CYCLE
D

ay
1 of the m

enstrualcycle: bleeding
begins.

The uterine m
ucosa called EN

D
O

M
ETRIU

M
 

undergoes
3 m

ain
phases:

1) M
enstrualphase:bleeding, 4-5 days; 

2) Proliferative phase:estrogen-
stim

ulated
proliferation

of endom
etrium

cells
and glands, increasing

thickness. 
Corresponds

to the estrogenic/follicular
phase of the ovary. 10-11 days;
3) Secretive phase:progesterone-
stim

ulated
secretive activity of the 

endom
etrialglands; 14 days. If

no 
fertilization

of the ovocyte
occurs, 

corpus luteum
degenerates

and stops
progesterone production. The reduction 
of progesterone circulating

levels causes
endom

etrium
degeneration, follow

ed
by 

its
detachm

ent
and by a new m

enstrual
bleeding.

H
orm

onal Control of the
M

enstrual Cycle
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FEM
A
LE IN

FERTILITY
Italian wom

en have children later than alm
ost all other European wom

en.
O

n average, Italian wom
en have their first child at 30 y, one year later 

than the European average, and have less children than the other 
Europeans (1.22 against 1.44).

The reasons:
reasonable econom

ic stability,
adequate fam

ily organization,
independent choice and no longer a social obligation.

The profound cultural m
odification of the last fifty years has changed the 

reasons for filiation, which now is the result of a choice and of individual 
and couple responsibility as well. This cultural change is allowing w

om
en to 

achieve a m
ore incisive role in the working environm

ent. H
owever, this has a 

cost in term
s of tim

e. 
Therefore, unfortunately, when you think you can finally have a child, this 

is too often too late.

The m
ost fertile period 

for a wom
an is between 

age 20 and 25 yo. 
Fertility is still good 
until age 35y, 
undergoing a 
rem

arkable drop at age 
35-40y, and becom

ing 
very poor over age 40y.

Fem
ale gam

etes age is the sam
e as the wom

an age: these are all already 
present in the fem

ale fetus, and get into the m
aturation process 

anytim
e during the reproductive age range.

A
geing gam

etes decrease oocyte quality, thereby increasing the risk of 
m

iscarriage, infertility and infertility-related diseases.
O

ther com
m

on diseases that becom
e m

ore frequent with ageing include 
pelvic inflam

m
atory diseases, tubal pathologies, the developm

ent of 
uterine fibroids, endom

etriosis.
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A
geing m

en display a worse 
ejaculate in both 
qualitative and 

quantitative term
s.

The sperm
atozoa are less in 

num
ber, they have poor 

m
otility and chrom

osom
al 

anom
alies are m

ore 
frequent. 

A
n oocyte fertilized by a 
non-norm

al sperm
atozoon 

m
ay result in a 

m
iscarriage or the fetus 
m

ight be a carrying a 
genetic diseases.

D
N

A
 fragm

entation

Chrom
osom

e
aneuplodies

Sperm
m

otility

A
ging of the oocytes is a m

ajor sterility risk factor. 
The oocytes of older wom

en display a higher rate 
of genetic (chrom

osom
al) anom

alies and, if 
fertilized, can generate m

alform
ed em

bryos, often 
spontaneously aborted.

The incidence of children with D
own Syndrom

e, for 
exam

ple, is: 
1 in 2000 in wom

en 20 years old, 
1 in 900 in 30 year old wom

en, 
1 in 350 in 35 year old wom

en, 
1 in 110 in 40 year old wom

en, 
1 in 25 in 46 year old wom

en.

N
atural selection elim

inates m
ost of the em

bryos with 
m

alform
ations and this explains the high rate of 

spontaneous abortion in older wom
en:

abortion is 18%
 for wom

en between age 30 and 39 y, 
34%

 for wom
en around age 40 y, 

vs 10%
 of wom

en under age 30 y. 

The factors that reduce fertility are, therefore, both 
quantitative and qualitative: there are fewer oocytes and 

are of worse quality.

O
ver tim

e -especially around 38 years -few oocytes rem
ain 

in the follicles, which, as seen, in a significant percentage 
of cases are not able to give rise to a norm

al em
bryo. 

U
nfortunately, resorting to m

edically assisted 
reproduction in these situations is of little use.
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Studies have shown that even in m
edically assisted 

reproduction, the age of the wom
an greatly influences 

the chances of success: older wom
en undergoing ovarian 

stim
ulation produce fewer oocytes and with 

chrom
osom

al and/or genetic alterations.

U
nfortunately, however, Italian wom

en resort to 
m

edically assisted reproduction techniques later and 
later: data from

 2007 show that the average age has 
even increased over the years, from

 35.4 y in 2005 to 
36.0 y in 2007.

A
ccording to ISS 

data from
 2017, 

m
edically assisted 

reproduction 
procedures started 
in w

om
en under age 

34 y resulted in 26 –
42%

 pregnancies 
obtained, while, in 
wom

en aged ≥43 
years or m

ore, 7 –
10%

 pregnancies 
were obtained 
depending on the 
technique used.

A
VERA

GE A
GE O

F W
O

M
EN

 RESO
RTIN

G TO
 M

ED
ICA

LLY 
A

SSISTED
 REPRO

D
U

CTIO
N

 PRO
TO

CO
LS 

35.3
y

in
2005

36.7
y

in
2017

A
t

variance,
ageing

im
pact

on
uterus

function
is

m
uch

less
im

portant.N
onetheless,statisticaldata

show
a

correlation
between

the
age

of
the

uterus
and

the
increase

in
the

percentage
of

m
iscarriages,

chrom
osom

al
abnorm

alities
of

em
bryos,of

cases
of

placenta
previa,of

labor
com

plications,
of

uterine
pathologies

such
as

polyps
in

the
endom

etrium
and

uterine
fibroids.

A
n

increase
in

sclerotic
lesions

in
the

uterine
arteries

is
also

reported,which
despite

not
having

a
direct

im
pact

on
fertility,

are
related

to
obstetric

com
plications

such
as

placenta
abruption,

cesarean
section

delivery,
fetus

m
alposition,etc…
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FEM
A
LE 

H
YPERA

N
D
RO

GEN
ISM

PCO
S represents 80%

 of all anovulatory 
infertility cases

Causes of hyperandrogenism
:

-
Polycystic ovary syndrom

e (PCO
S) 70%

 
-

adrenal hyperplasia, 
-

Cushing's disease, 
-

certain types of cancers,
-

certain m
edications

PCO
S is

the m
ost

com
m

on endocrine 
abnorm

ality
in wom

en
in reproductive-age

H
YPERA

N
D
RO

GEN
ISM

TESTO
STERO

N
E

and other
androgens

BIO
CH

EM
ICA

L
CLIN

ICA
L

H
IRSU

TISM
A

lopecia

L
A
C
K
 
O
F
 
O
V
E
R
L
A
P

O
nly

50%
 of hyperandrogenem

ic
wom

en
have

clinical
sym

ptom
s

CA
U
SES O

F H
YPERA

N
D
RO

GEN
ISM

A
drenal

-CongenitalA
drenalH

yperplasia
(21-

hydroxylase deficit, 11-hydroxylase deficit, 
3βH

ydroxysteroid
dehydrogenase

deficit)
-Cushing’s

Syndrom
e

-N
eoplasm

s

O
vary

-PolyCystic
O

vary
Syndrom

e
-

N
eoplasm

s
-

H
yperthecosis

Idiopathic
Idiopathic

hirsutism
Genetic

Gonadaldysgenesis
O
ther

A
crom

egaly, hypothyroidism
, obesity, 

hyperprolactin, m
enopause, psychiatric

syndrom
es, drugs

20/915

2.2%

C
h
e
n
 
X
 
e
t
 
 
a
l.
 

J
 
O
b
s
t
e
t

G
y
n
e
c
o
l
2
0
0
8 ?

D
ia
m
a
n
t
i-

K
a
n
d
a
r
a
k
is
 

E
 
1
9
9
9

52/800
6.5%

26/400

6.6%

A
z
z
iz

R
 
e
t
 
 
a
l.
 

J
 
C
lin

E
n
d
o
c
r
in
o
l
M

e
t
a
b

2
0
0
4

A
ge range= 18-45 years

D
iagnostic

criteria=
N
IH

 1990

PCO
S is

the m
ost

com
m
on endocrine abnorm

ality
of 

reproductive-aged
wom

en. U
p to 10%

 in som
e studies.

PREVA
LEN

CE O
F PCO

S IN
 U

N
SELECTED

 
REPRO

D
U
CTIVE-A

GED
 W

O
M

EN
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O
riginal

descrition
of 

the ovarian
m
orphology

Irving F. Stein, Sr., 
and 

M
ichael L. Leventhal

Stein IF, Leventhal M
L. 

A
m

enorrhea associated 
with bilateral polycystic 
ovaries. A

m
 J O

bstet 
Gynecol 1935; 29:181.
. 

PCO
S

D
iagnostic

suspicion

Signs
of androgen

excess
(hirsutism

, androgenic
alopecia)

M
enstrualand ovulation

disturbances

U
nwanted

infertility

androgen
excess

polycystic
ovarian

m
orphology

m
enstrual

irregularities

P
O

L
Y

C
Y

S
T

IC
 O

V
A

R
Y

 S
Y

N
D

R
O

M
E

PCO
S com

ponents

Infertility
M

etabolic
Syndrom

e
and O

besity
Type

II D
iabetes

PCO
S D

IA
GN

O
SIS

D
iagnosis

of PCO
S is

set when
allother causes

of 
hyperandrogenism

are excluded.

PCO
S is

a syndrom
e

with uncertain
etiology.

D
iagnosis

is
based

on welldefined
criteria

and 
paradigm

s
(Consensus statem

ents, guidelines).

M
ultiple and variegated

phenotypes
exist

which
share part of the features.
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PCO
S: D

iagnostic
criteria

revised

A
ll: plus exclusion

of other etiologies
(CA

H
, androgen-secreting

tum
ors, Cushing’s

syndrom
e, etc.)

PCO
S D

IA
GN

O
SIS:

EX
CLU

D
IN

G O
TH

ER CA
U
SES O

F 
H
YPERA

N
D
RO

GEN
ISM

Cushing's syndrom
e can be excluded by norm

al cortisol 
suppression after an overnight 1-m

g D
ST. 

CCA
H

 or N
CCA

H
 can be excluded by norm

al fasting and 
stim

ulated (250 m
g Synacthen

iv) 17-O
H

P concentrations. 
A

drenal/ovarian tum
ors/hyperthecosis

can be suspected by 
inappropriately (super-) high androgen and im

aging 
techniques.

Severe insulin resistant states have very high insulin 
fasting/O

GTT and often by the phenotype (lipodistrophy, 
syndrom

ic obesity, etc…).

O
VA

RIA
N
 D

YSFU
N
CTIO

N
 IN

 PCO
S 

W
O
M

EN
Irregularities

of the m
enstrualcycle:

•
m

ild-m
oderate oligom

enorrhea
(cycle

>35 gg) 
•

severe oligom
enorrhea

(cycle
>60 gg)

•
am

enorrhea
(absence

of m
estrualbleeding

≥6 m
onths)

O
vulation

disorders:
•

chronic
or cyclic

anovulation
(> LH

)
•

polym
enorrhea/oligom

enorrhea
•

early pubarca

In adolescents, irregularities in m
enstrual cycle and/or 

ovulation are frequent and often transitory.
In som

e cases, such alterations express a susceptibility 
for developing PCO

S, especially when associated with 
excess weight.

Prevalence
of m

enstrual
dysfunction

in PCO
S

A
zziz

R et
al. Fertility

and Sterility, 2009
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M
ultifullicular

ovary

PCO
S

N
orm

alovary

O
VA

RIA
N
 M

O
RPH

O
LO

GY
The PCO

 m
orphology

(Rotterdam
’s)

Criteria
providing

best com
prom

ise in specificity/sensitivity
for PCO

 
definition: 
(i)

presence
of ≥12 follicles

in each
ovary

m
easuring

2–9
m
m
 in 

diam
eter, and/or

(ii)
increased

ovarian
volum

e (>10
m
l). 

PCO
 is

featured
by the increased

strom
alvolum

e. The m
easurem

ent
of the

ovarian
volum

e is
a good

surrogate for the estim
ation

of
strom

alvolum
e. 

The Rotterdam
 ESH

RE/A
SRM

-Sponsored PCO
S consensus workshop group. Fertil Steril. 2004, H

um
 Reprod. 2004.

H
YPERA

N
D
RO

GEN
ISM

TESTO
STERO

N
E

and others

BIO
CH

EM
ICA

L
CLIN

ICA
L

H
IRSU

TISM
A

lopecia

I
N
D
I
S
T
I
N
G
U
E
D
L
Y
 
u
s
e
d

f
o
r
 
P
C
O
S
 
D
I
A
G
N
O
S
I
S

…
b
u
t
…
L
A
C
K
 
O
F
 
O
V
E
R
L
A
P

O
nly

50%
 of hyperandrogenem

ic
wom

en
have

clinical
sym

ptom
s

H
YPERA

N
D
RO

GEN
ISM

definition
Clinical / subclinical condition 
characterized by excessive 

production
or action

of 
androgens of adrenal/ovarian 

origin.
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CLIN
ICA

L 
hyperandrogenism

H
IRSU

TISM

A
N

D
RO

GEN
IC A

LO
PECIA

H
IRSU

TISM
Excessive

term
inal hair

in androgen-dependent
areas

Chronic
disorder

A
ffect

Psychologicalwellbeing
Im

paired
m
etabolic

profile
Life threatening

tum
or

M
U
LTIFA

CTO
RIA

L ETIO
LO

GY
A

ndrogen
/ proandrogen

excess
in the bloodstream

Local synthesis
at

the p
ilo

s
e
b
a
c
e
o
u
s

u
n
it

A
n
d
r
o
g
e
n

R
e
c
e
p
t
o
r

polym
orphism

–
hyper-responsiveness

H
IRSU

TISM

Term
inal hairs

differ
from

 vellus
hairs

for 
lenght

(> 0.5cm
), thickness

and for pigm
entation

H
irsutism

 results by the interaction 
between androgens availability and activity 

at the skin level.

Fem
ale

condition
of

androgen-dependent
transform

ation
of

the
vellus

hairs
into

term
inalhairs,interesting

areas
where

usually
wom

en
don’t

show
term

inal
hairs

and
corresponding

to
the

distribution
pattern

of
m

ale
secondary

sexual
characters,prim

arily
the

face,chest,lower
abdom

en,inner
thighs

and
back

H
irsutism

quantification:
the m

odified
Ferrim

an
Gallwey

score

The m
odified

FG score does
not

take into
account the forearm

and the 
leg

because
these

are highly
sensitive to very

low
am

ounts
of androgens

even
in healthy

wom
en, hence

being
not

specific.

U
pper

lip

Chin

Chest

U
pper

A
bdom

en

Lower 
abdom

en

A
rm

s

Thigh

U
pper
Back

Lower 
Back
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N
ine

androgen-sensitive
areas;

Range
m

FG
score:0-36;

N
o

hirsutism
:<8;

M
ild

H
irsutism

,m
FG

8-15;
M

oderate
H

irsutism
,m

FG:16-25;
Severe

H
irsutism

:>25

Requirem
ents:

N
o

laser
depilation

or
sim

ilar
in

the
previous

3
m

onths;
N

o
depilation

at
allin

the
previous

4
weeks;

N
o

shaving
in

the
previous

5
days.

H
irsutism

quantification:
the m

odified
Ferrim

an
Gallwey

score
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m
FG

score for hirsutism
diagnosis: 

the cut
off issue

The
cut-off

set
at

8
was

defined
by

an
English

study
(H

atch
et

al.1981)
in

which
only

the
4.3%

of
the

fem
ale

popuation
in

reproductive
age

displayed
a

score
above

the
8

threshold.

D
ifferences

according
to ethnicity

Is
the Ferrim

an
and Gallwey

score an O
bjective

M
ethod?

Lim
itations

of the VISU
A

L score system
H

igh inter-operator variation.
Inability

to detect
sm

all variation.
Validated

to estim
ate the totalam

ount
of 

body hair
and not

the regionaldistribution.
W

hile
the

sim
plicity

of
this

m
ethod

encourages
its

use
in

clinical
practice,

the
visualscoring

of
hirsutism

is
not

indicated
for

the
assessm

ent
of

the
response

to
therapy

in
hirsute

wom
en

during
a

random
ized

control
trial.
Com

parison
of blinded

sim
ultaneous

FGs
estim

ation
by patients

(FGPt), physician
(FGD

r), and research
nurses

(FGN
1 and 

FGN
2). The blinded

sim
ultaneously

obtained
FG scores

contrast
patient’s, physician’s, and 

the two
research

nurses’ scores.
W

ild et al., JCEM
 2005, 90:4112–4114

m
FG

score for hirsutism
diagnosis: 

the operator issue
VID

EO
D

ERM
O

SCO
PY

H
igh-resolution im

ages at several m
agnifications (up to 

31000 with advanced m
odels), digitally captured and stored 

for later use. A
llows reliable com

parisons over tim
e.

N
O

N
 IN

VA
SIVE O

BJECTIVE M
ETH

O
D

S
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Feature
TrichoScan

®

autom
atic

A
nalysis

yes
analysed area

up to 2 cm
2

H
air dye necessary

yes
H

air count
yes

H
air lenght / H

air grow
th rate

yes
H

air thickness
yes

Term
inal hair count

yes
V

ellus hair count
yes

A
nagen/Telogen ratio

yes
Follicular units

on request
H

ide results
yes

E
xport of results

yes
A

rtefact correction
yes

E
m

ail support
yes

In house training
on request

C
am

era / O
ptics

C
anon Pow

erShotw
ith sw

iss
m

ade 
optics

Trichoscan
N

O
N

 IN
VA

SIVE O
BJECTIVE M

ETH
O

D
S

A
LO

PECIA
 D

EFIN
ITIO

N
Progressive non-scarring m

iniaturization
of hair follicles in defined areas of the head,
in m

ales and fem
ales genetically predisposed.

Blum
e-Peytavi et al. Br J D

erm
atol 2011, 164: 5-15.

H
A

IR GRO
W

TH
PA

TH
O

GEN
ESIS

•
Follicular

m
iniaturization

•
Extension of the kenogen

phase
(phenom

enon
of em

pty
follicles)


Thinner, shorter and lighter hair


Variabile diam

eter


Shorter
anagen


Increased

hair
loss
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1.
W

idespread thinning of the 
"crown" region with 
frontotem

poral hairline 
m

aintenance
(Ludwig and Sinclair scale)

2.Thinning of the central region 
with front accentuation
(O

lsen
scale -Christm

as tree
pattern)

3.Bitem
poralrecession

(H
am

ilton-N
orwood m

ale pattern)

3 CLIN
ICA

L PH
EN

O
TYPES

Ludwig scale

Sinclair scale

D
ETECTIN

G ELEVA
TED

 
A

N
D

RO
GEN

 LEVELS

BIO
CH

EM
ICA

L 
hyperandrogenism
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Figure 1
PA

RA
D

IGM
 FO

R ID
EN

TIFYIN
G 

H
YPERA

N
D

RO
GEN

EM
IA

 IN
 PCO

S

Free T 
(direct

or calculated)

TH
E RO

LE O
F TH

E LA
BO

RA
TO

RY BEYO
N

D
 

TESTO
STERO

N
E


Excluding

other
causes


Source of 
androgen

excess

STERO
ID

 H
O
RM

O
N
E 

BIO
SYN

TH
ESIS PA

TH
W

A
Y

D
H
T

5a-reductase

O
vary

A
drenal

Peripheral
conversion

Testosterone
25

25
50 (m

ainly
from

 D
H

EA
)

A
ndrostenedione

50
50

…
D

H
T

…
…

U
p

to 100 
(m

ainly
from

 
T and A

4)
Estradiol

predom
inant

Sm
all

Estrone
predom

inant
Sm

all

D
H

EA
-S

2
98

…
D

H
EA

5
95

,,,

SO
U

RCE O
F CIRCU

LA
TIN

G SEX
 STERO

ID
S 

IN
 W

O
M

EN
 IN

 REPRO
D

U
CTIVE A

GE
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O
RIGIN

 O
F CIRCU

LA
TIN

G 
A
N
D
RO

GEN
S IN

 W
O
M

EN

D
H
EA

S

D
H
EA

Testosterone 

D
4-A

ndrostenedione (A
4)

2%5%

25%

50%

D
4-A

ndrostenedione (A
4)

Testosterone

D
H
EA

D
H
EA

S

O
vary

A
drenal

50%

25%

95%

98%
D

H
T and T, but

not
androstenedione, D

H
EA

 and 
D

H
EA

S, activate
the A

ndrogen
Receptor 

PERIPH
ERA

L A
N

D
RO

GEN
 M

ETA
BO

LISM

O
RIGIN

 O
F A

N
D

RO
GEN

 EX
CESS IN

 W
O

M
EN

:
D

YSFU
N

CTIO
N

 O
F TH

E H
YPO

TH
A

LA
M

U
S –

PITU
ITA

RY –
O

VA
RIA

N
 A

X
IS IN

 PCO
S

Increased
pulsatile GnRH

release
Im

balanced
LH

/FSH
 ratio

Increased
A

ndrogen
production

Increased
or norm

alEstrone levels

M
iller and A

uchus, 2011

O
varian

sex steroids
currently

tested
in 

clinicalpractice:
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O
RIGIN

 O
F A

N
D

RO
GEN

 EX
CESS IN

 W
O

M
EN

:
IM

BA
LA

N
CE O

F TH
E H

YPO
TA

LA
M

YS –
PITU

ITA
RY -

A
D

REN
A

L A
X

IS
A

drenalandrogens
and proandrogens

currently
tested

in clinicalpractice:

M
iller and A

uchus, 2011

O
RIGIN

 O
F A

N
D

RO
GEN

 EX
CESS IN

 W
O

M
EN

:
IM

BA
LA

N
CE O

F TH
E H

YPO
TA

LA
M

YS –
PITU

ITA
RY -

A
D

REN
A

L A
X

IS 
U
N
CO

N
VEN

TIO
N
A
L A

N
D
RO

GEN
S

A
drenal11-oxygenated 

androgen
pathway.

D
escribed

in the 90s, never
entered

the clinicalpractice 
because

of the lack
of reliable

and high-throughput assays.

D
H

T

11O
H

-
D

H
T

11K-D
H

T

Peripheral
tissues

11keto-T and 11keto-D
H

T have
sim

ilar
activity on the A

ndrogen
Receptor

Pretorius
E et al., PLoS

O
ne. 2016;11(7):e0159867

A
N

RO
GEN

 RECEPTO
R A

FFIN
ITY A

N
D

 A
CTIVA

TIO
N

 
CA

PA
CITY O

F EN
D

O
GEN

O
U

S A
N

D
RO

GEN
S
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A
drenal11-oxygenated androgens

O
’Reilly

et al., JCEM
 2017 

Recent
studies perform

ed
by LC-M

S/M
S revealed

a potential m
ajor role

for these
forgotten adrenalandrogens.

A
R-inactive

precursors
11O

H
-A

ndrostenedione and 11K-A
ndrostenedione 

are m
ajor contributors

to the overallcirculating
androgen

pool, and are 
increased

in PCO
S.

O
RIGIN

 O
F A

N
D

RO
GEN

 EX
CESS IN

 W
O

M
EN

:
CLA

SSICA
L / N

O
N

 CLA
SSICA

L CO
N

GEN
ITA

L A
D

REN
A

L 
H

YPERPLA
SIA

(21H
ydroxylase genetic

defect)

PREGN
EN

O
LO

N
E

PRO
GESTERO

N
E 

(P4)

17O
H

-PREGN
EN

O
LO

N
E 

(17O
H

P5)

17O
H
-PRO

GESTERO
N
E 

(17O
H
P4)

D
H

EA

A
N

D
RO

STEN
ED

IO
N

E 
(A

4)

D
O

C
11D

EO
X

YCO
RTISO

L (11S)

CO
RTICO

STERO
N

E (B)
CO

RTISO
L (F)

A
LD

O
STERO

N
E

D
H

EA
-S

TESTO
STERO

N
E 

(T)

21D
EO

X
YCO

RTISO
L 

(21S)

x
x

pathognom
onic

m
arker of 21O

H
 deficit

M
easurem

ent
N

O
T available

W
H
A
T IS TH

E M
O
ST SU

ITA
BLE A

N
D
RO

GEN
 T

O
 BE M

EA
SU

RED
 

TO
 A

SSESS BIO
CH

EM
ICA

L H
YPERA

N
D
RO

GEN
ISM

? 

BLO
O
D
 TO

TA
L TESTO

STERO
N
E IS RECO

M
M

EN
D
ED

 A
S TH

E 

1
緆

L EVEL TEST

Pros
•

Very lim
ited m

enstrual 
fluctuation.

•
Very high levels put the 
diagnosis for androgen-
secreting tum

ors (above 
1ng/dL)

Cons
•

M
ostly bound to SH

BG
•

M
ostly derived by peripheral 

m
etabolism

 of androgen precursors 
(D

H
EA

, androstenedione)
•

D
o not discrim

inate the source of 
androgen production

•
D

o not correlate w
ith sym

ptom
s 

severity (hirsutism
) 

•
Requires sensitive and specific assays
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W
hat is the m

ost suitable m
ethod for 

m
easuring total testosterone? 

•
Radioim

m
unoassay (RIA

) after sam
ple extraction 

and chrom
atography

•
Electrochem

ilunesce
im

m
unoassays

•
Gas chrom

atography –
m

ass spectrom
etry (GC-M

S)
•

Liquid chrom
atography –

tandem
 m

ass 
spectrom

etry (LC-M
S/M

S)

Poor
correlation

at
fem

ale
range

levels

Elecsys
T170: direct

im
m

unoassay
used

for routine 
testosterone m

easurem
ent

in the clinicallaboratories

C0M
PA

RISO
N
 O

F D
IFFEREN

T 
TESTO

STERO
N
E A

SSA
YS

r=0.773
slope=1.72

緇
0.21

intercept=-0.18
緇

0.07

A
dults; post-
m

enopausal
43-90 y
n = 53

T <0.39 ng/m
L

TEST
O
ST

ERO
N
E

distribution in healthy norm
al 

weight and eum
enorrheic

wom
en (by LC-M

S/M
S)

Fanelliet
al.Steroids

2011
Ga m

bineriet
al.JCEM

Fanelliet
al.JCEM

2013

A
dolescent and 

Young 16-19 y
n = 159

T <0.55 ng/m
L

A
dults; pre-

m
enopausal
18-53 y
n = 133

T <0.45 ng/m
L

IN
TERPRETIN

G TH
E 

LA
BO

RA
TO

RY RESU
LT

D
EFIN

IN
G A

SSA
Y-A

N
D

 
PO

PU
LA

TIO
N

-SPECIFIC 
REFEREN

CE IN
TERVA

LS

Circulating
level

(nm
ol/L)

STERO
ID

 %
 D

ISTRIBU
TIO

N
in the 

bloodstream
Free

SH
BG

CBG
A

lbum
in

Estradiol
0.29

1.8
37.3

0.1
60.8

Estrone
0.23

3.6
16.3

0.1
80.1

Progesterone
0.65

2.4
0.6

17.7
79.3

Testosterone
1.3

1.4
66

2.3
30.4

D
H

T
0.65

0.5
78.4

0.1
21

A
ndrostenedione

5.4
7.5

6.6
1.4

84.5
Cortisol

400
3.8

0.2
89.7

6.3

CIRCU
LA

TIN
G FRA

CTIO
N
S O

F STERO
ID

 
H
O
RM

O
N
ES IN

 W
O
M

EN
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PLA
SM

A
 D

ISTRIBU
TIO

N
 O

F 
TESTO

STERO
N
E

SH
BG –

T
50-60 %

A
lbum

in
–

T

40 %

Free T
2

-3
 %

H
orm

one
reservoir

A
ctivating

the A
ndrogen

Receptor at
the target cell

W
eakly

bound, possibly
active

in certain
districts

•
M

odulate the free and bioavailable fraction of 
m

ajor sex steroid horm
ones 

•
Influence sex steroid clearance

•
D

H
T binds to SH

BG with about 5 tim
es the 

affinity of testosterone and about 20 tim
es the 

affinity of estradiol

•
Testosterone binds SH

BG with twice the 
affinity it has for 17β-estradiol

SH
BG FU

N
CTIO

N
S

FREE TESTO
STERO

N
E

Is
the m

ost
im

portant
biom

arker
of fem

ale
hyperandrogenism

according
to internationalclinical
guidelines. 

H
O
W

 CA
N
 W

E M
EA

SU
RE FREE 

TESTO
STERO

N
E LEVELS? 

D
IRECT M

EA
SU

REM
EN

T is possible but not easy!
Gold Standard m

ethods (direct equilibrium
 dialysis; 

ultrafiltration) are labour intensive and expensive.
Routine m

ethods (direct RIA
) are easy but usually 

provide unreliable results.

H
O
W

 CA
N
 W

E M
EA

SU
RE BIO

A
VA

ILA
BLE 

TESTO
STERO

N
E

LEVELS? 
Free T + A

lbum
in-T

M
easuring

T in SA
LIVA

! non SH
BG-bound T fraction can diffuse across 

capillaries and salivary ducts. U
naffected by saliva flow rates.

H
igh sensitivity assays are required as salivary levels represents 2-3%

 
of circulating levels.
Currently N

O
T in routine.
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CA
N
 W

E CA
LCU

LA
TE FREE 

TESTO
STERO

N
E (cFT) LEVELS? 

CA
LCU

LA
TED

 FREE T is a viable option, but:
various equations are available
the quality of IN

PU
T m

easurem
ents im

pact cFT
results:

Total Testosterone, SH
BG

form
ula m

odels m
ay deviate at certain T or SH

BG values
cFT-Verm

eulen: Total-T=[fT]+[alb-T]+[SH
BG-T]

is strongly linearly correlated with m
easured freeT

(eqD
), independently from

 
serum

 T, album
in and SH

BG concentrations. 
FREE A

N
D

RO
GEN

 IN
D

EX
 (FA

I): [total testosterone] x 100 / [SH
BG]

popular in routine Clinical Biochem
istry laboratories because it is easy to 

calculate. H
owever, the FA

I has been shown to overestim
ate cFT

when 
the SH

BG con-centration is low.

The m
any different versions of form

ulas and m
ethods for calculating 

and m
easuring free T have been shown to cause problem

s with poor 
inter-laboratory agreem

ent due to the use of different m
ethods with 

different reference intervals.
Keevil et al., ClinicalEndocrinology. 2018;88:706 –710 .

A
greem

ent between
cFT

or FA
I vs m

easured
freeT

in 
wom

en
and m

en, at
different

SH
BG values

O
TH

ER A
N
D
RO

GEN
 BIO

M
A
RKERS: 

A
N
D
RO

STEN
ED

IO
N
E

Pros
–H

igh circulating
levels (nM

)

–Low
 SH

BG affinity

–W
hen properly m

easured, 
androstenedione is m

ore 
sensitive than testosterone in 
detecting biochem

ical 
hyperandrogenism

–Increased
both

in ovaric
and 

adrenalhyperandrogenism
form

s

Cons
–Low

 availability and 
poor quality of routine 
im

m
unoassays

–Variably increased in 
androgen-secreting 
tum

ors

A
N
D
RO

STEN
ED

IO
N
E

N
orm

alA
H
igh A

Normal T High T

Good
correlation

between
serum

T 
and A

.

H
igh A

 identifies
a 

relevant
num

ber
of 

hyperandrogenic
wom

en
not

detected
by T m

easurem
ent.

O
’ Reilly

et al., JCEM
 2014
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A
ndrostenedione m

easurem
ent

is
used

in clinical
practice since

decades, however, its
usefulness

is
now

increased
thanks to novelaccurate and precise 
techniques (LC-M

S/M
S)

Pasquali et al., JCEM
 2016

A
N
D
RO

STEN
ED

IO
N
E

–Very high 
concentration (uM

) 

–Exclusive
adrenal

origin

–D
iagnostic relevance 

for adrenal androgen 
secreting tum

ors.

–Variably increased in 
Cushing and congenital 
adrenal hyperplasia 
(non classical 21-
hydroxylase deficits) 

–Long half-life 

–H
ighly influenced by 

stress

O
TH

ER A
N
D
RO

GEN
 BIO

M
A
RKERS: 

D
EH

YD
RO

EPIA
N
D
RO

STERO
N
E-SU

LFA
TE

D
H
EA

-S

Pros
Cons

RO
LE O

F 
IN

SU
LIN

 PCO
S

Increased
ovarian

androgen
synthesis

results from
 

abnorm
alities

at
alllevels of the 

H
PG axis.

Insulin
synergizes

with LH
 to increase

androgen
production.

IN
SU

LIN
 A

S A
 GO

N
A
D
O
TRO

PIC 
H
O
RM

O
N
E

Ehrm
an

D
A

, N
EJM

, 2005
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Insulin
and hyperandrogenism

H
yperinsulinem

ia
exerts

a centralrole
in the 

induction
of hyperandrogenism

in PCO
S wom

en

⦁
O
vary

-
D

irect stim
ulation of androgen secretion (stim

ulatory effect on 
the P450c17β

enzym
e)

-
O

verexpression in LH
 receptor

⦁
Pituitary

-
Sensitization of LH

 secreting pituitary cells to GnRH
 stim

ulation
⦁

Proteins
-

D
ecrease of SH

BG levels
-

D
ecrease of IGF binding proteins 

⦁
M

etabolism
-

D
ecrease of androgen clearance

-
D

ecrease of the arom
atase activity

-
Increase of the 5α-reductase activity

The effects
of

23 days
injections

of
norm

al
saline (control), hCG, insulin, or insulin

plus 
hCG

and GnRH
ant

on gross
ovarian

m
orphology

in rats
(fem

ale
Sprague-D

awley
rats)

Poretsky
L, M

etabolism
1992

A
ndrogen

excess
and insulin

resistance
H
yperinsulinem

ia
and hyperandrogenism

the vicious
cycle:

H
yperinsulinem

ia
arises

w
hen

insulin
sensitivity

is
com

prom
ised

at
the 

adipose tissue, skeletalm
uscle

and liver.
IN

SU
LIN

 SEN
SITIVITY IN

 TH
E O

VA
RY IS N

O
T A

FFECTED
, resulting

in further
stim

ulation
of androgen

synthesis.  
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Insulin
sensitivity

is
reduced

and insulin
levels are 

increased
in PCO

S. 
O

besity
contributes

an additionalcom
ponent to 

insulin
resistance

in obese PCO
S.M

orales, JCEM
, 1996

Independent effect of obesity
on 

insulin
sensitivity

in PCO
S 

6420

b

c
a,c

800

600

400

200

0

24h Insulin
(pm

ol/L)
Insulin sensitivity

d

c,d

LC  LPCO
S
  O

C  O
PCO

S
LC  LPCO

S  O
C  O

PCO
S

m
etabolic

syndrom
e

insulin
resistance

Pasquali and O
riolo, 2019

Reproductive 
Phenotype

(ovarian dysfunction)

H
yperandrogenic

Phenotype
(hirsutism

, androgen
excess)

M
etabolic

Phenotype
(*)

Insulin
resistance
& 

hyperinsulinem
ia

O
besity

M
etabolic

syndrom
e

T2D
M

CVD
s?

TH
E CLA

SSICA
L PCO

S PH
EN

O
TYPE

N
IH, Rotterdam

, AEPCO
S

N
IH, Rotterdam

, AEPCO
S

N
IH, Rotterdam

, AEPCO
S

*



25/03/202129

PCO
S (n=

200)

Prevalence
of

the m
etabolic

syndrom
e

in PCO
S

Controls (n= 200 age-and BM
I-m

atched)
Gam

bineri et al, N
M

CD
 2008

Ehrm
ann

D
A

, D
iabetes

Care, 1999; Legro
RS, JCEM

, 1999; Chen X
, H

um
Reprod, 2006; Gam

bineri A
, 

D
iabetes, 2004

D
iagnosis

of glucose
intolerance

by W
H

O
 criteria

1999

0% 5%

10%

15%

20%

25%

30%

35%

n=122
n=254

n=102
n=121

35%

31.1%

20.5%

15.7%

10%
7.5%

1.9%
2.5%

IG
T

T2D
M

U
S

China
Italy

D
iagnostic

criteria
for PCO

S= N
IH

 1990 
+ PCO

 for China and Italy

PREVA
LEN

CE O
F T2D

M
 IN

 REPRO
D
U
CTIVE-A

GE 
PCO

S W
O
M

EN

Incidence
of T2D

M
 in wom

en with PCO
S

Variables
n/N

 
(persons-years

of 
follow-up)

Incidence
rate (95%

 
CI) x 100 persons-

year
O

verallsam
ple

BM
I class

(kg/m
2)

< 25
25-29.9
≥ 30

42/249 (4.018)

3/79 (1.216)
8/78 (1.269)
31/92 (1.533)

1.05 (0.75-1.41)

0.25 (0.05-0.72)
0.63 (0.27-1.24)
2.02 (1.38-2.86)

Crude incidence
rate of T2D

M
 in the cohort, overalland 

according
to BM

I class

Gam
bineri A

 et al, D
iabetes

2012; 61: 1-6

Prospective
study

in 255 wom
en with

PCO
S, followed

for
10-

35 yrs
(16.9 years). Six

wom
en had

T2D
M

 at baseline, and 
another

42 wom
en developed

T2D
M

 during
the follow-up

(5 tim
es

m
ore than

the Italian
general population).

The PCO
S phenotype is prone to 

developing Type 2 D
iabetes M

ellitus
-

earlier onset and higher incidence -

M
echanism

s
responsible

for the susceptibility
to develop

T2D
M

 in PCO
S wom

en
are stillunclear. 

H
owever, they

should
derive from

 the com
bination of:  

-
Insulin

resistance
and secretion

-O
besity

(visceral+ low grade
inflam

m
ation)

-A
ndrogen

excess
-SH

BG (blood
levels

and genetic)
-O

ther
genetic

factors
-Related

to the phenotype
(classic

vs non-classic) ?
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Treatm
ent 

of
PCO

S

O
verweight

and 
obesity
Insulin

resistance
M

etabolic
syndrom

e

H
yperandrogenem

ia
H

irsutism
M

enses
abnorm

alities
A

novulation
Infertility

CLIN
ICA

L PRESEN
TA

TIO
N

fam
ily doctors, derm

atologists, gynecologists…and 
endocrinologists

Signs/sym
ptom

s
of 

androgen
excess

•H
irsutism

•A
cne

•A
ndrogenic

A
lopecia

•SexualD
ysphoria

•H
abitus androide

Signs/sym
ptom

s
of ovarian

dysfunction
•M

enstrualdisturbs
•A

novulation
•Infertility
•PCO

m
(ultrasound)

O
ther

non-specific
signs/sym

ptom
s

•Excess
weight

•M
etabolic

alterations
(blood

biochem
icals)

•Fam
iliarity

•Early
puberty

•W
illing

to start EP

TREA
TM

EN
T O

F PCO
S 


H
yperandrogenism

EPs
(antiandrogenic

progestins)
A

ntiandrogens
W

eight
loss (in obesity) and /or lifestyle

Insulin
sensitizers

Cosm
etic

treatm
ent


M

enses
& anovulation
EPs
Insulin

sensitizers
(m

etform
in)

W
eight loss

(in obesity) and/or lifestyle

TREA
TM

EN
T SH

O
U
LD

 BE PLA
N
N
ED

 O
N
 

TH
E BA

SIS O
F IN

D
IVID

U
A
L N

EED
S


Infertility

W
eight

loss (obesity) and/or lifestyle
Clom

iphene
citrate

(selective
estrogen

receptor
m

odulator, SERM
)

Laparoscopic
ovarian

surgery
Gonadotropins

and GnRH
analogues

A
RT (IVF, ecc.)


O
besity

W
eight

loss and/or lifestyle; bariatric
surgery


Insulin

resistance
and m

etabolic
dysfunction

W
eight

loss (obesity) and/or lifestyle
Insulin

sensitizers
A

ntiandrogens

Treatm
ent of PCO

S 
Treatm

ent should
be

planned
on 

the basis
of individualneeds
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S
Y
N
D
R
O
M

E

H
Y
P
O
T
H
A
L
A
M

U
S
 
–

P
I
T
U
I
T
A
R
Y
 
–

A
D
R
E
N
A
L
 
A
X
I
S

S
T
E
R
O
I
D
 

B
I
O
S
Y
N
T
H
E
S
I
S

A
C
T
H

A
C
T
H

CO
RTISO

L 
EX

CESS

C
U
S
H
I
N
G
’s

S
Y
N
D
R
O
M

E
 

C
H
R
O
N
I
C
 
C
O
R
T
I
S
O
L
 
E
X
C
E
S
S
 
-

H
Y
P
E
R
C
O
R
T
I
S
O
L
I
S
M

E
x
o
g
e
n
o
u
s

/
 

I
a
t
r
o
g
e
n
ic

Long-term
glucocorticoid

drugs
m

edications

E
n
d
o
g
e
n
o
u
s

Cortisol overproduction
caused

by:

P
it
u
it
a
r
y

t
u
m
o
r

~
7
0
%
 
o
f
 
c
a
s
e
s

A
d
r
e
n
a
l-

c
o
r
t
e
x

t
u
m
o
r

~
1
5
%
 
o
f
 
c
a
s
e
s

O
t
h
e
r

/
 

u
n
k
n
o
w
n

~
1
5
%
 
o
f
 
c
a
s
e
s
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E
n
d
o
g
e
n
o
u
s

h
y
p
e
r
c
o
r
t
is
o
lis

m

P
it
u
it
a
r
y

t
u
m
o
r
s

(
C
u
s
h
in
g
’s

d
is
e
a
s
e
)
:

6
0
-
7
5
%
 
o
f
 

c
a
s
e
s

A
d
r
e
n
a
l-

c
o
r
t
e
x

t
u
m
o
r
s
:

1
5
-
2
0
%
 
o
f
 

c
a
s
e
s

A
C
T
H
-
d
e
p
e
n
d
e
n
t

A
C
T
H
-

in
d
e
p
e
n
d
e
n
t

E
c
t
o
p
ic

A
C
T
H
-

s
e
c
r
e
t
io
n

(
N
E
T
s
)
:

9
-
1
8
%
 
o
f
 
c
a
s
e
s

(
in
c
lu
d
in
g

e
x
t
r
e
m
e
ly

r
a
r
e
 
C
R
H
-
s
e
c
r
e
t
in
g

e
c
t
o
p
ic

N
E
T
s
)

E
n
d
o
g
e
n
o
u
s

H
y
p
e
r
c
o
r
t
is
o
lis

m
:

A
C
T
H
-
d
e
p
e
n
d
e
n
t

o
r
 
A
C
T
H
-
in
d
e
p
e
n
d
e
n
t

X
X

X X

A
CTH

-dependent

A
CTH

-independent

C
U
S
H
I
N
G
’s

S
Y
N
D
R
O
M

E
 
H
A
B
I
T
U
S
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Before
therapy

A
fter

therapy

C
U
S
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I
N
G
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S
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R
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M

E
 
S
Y
M
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T
O
M

S
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I
S
S
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E
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S
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CO
RTISO

L PH
YSIO

PA
TH

O
LO

GY
m

etabolism
-

LIVER
stim

ulating
glucose/glycogen

turnover; 
prom

otes
glycogen

storage
(+ glycogen-synthase, -

glycogen-phosphorylase) 

Insulino-resistance
D

iabetes
m

ellitus
Visceralobesity
D

yslipidem
ia

prom
otes

glycogenolysis
(prom

otes
adrenaline-stim

ulated
glycogen-phosphorylase

action)
prom

otes
glucose

release
(+ glucose-6-phosphatase e phosphoenolpyruvate

carboxykinase) 

-
SKELETA

L M
U

SCLE
inhibits

glucose
uptake

and glycogenolysis;

-
A

D
IPO

SE TISSU
E

stim
ulates

lipolysis
and free fatty

acid release 
in the bloodstream

;
stim

ulates
adipocytes

differentiation
and the increase

in visceral
fat

depots
(induces

the expression
of GR and type

I 11ß-H
SD

).
-

H
EA

RTincreases
the cardiac

output

A
rterial

hypertension
H

eart
hyperthrophy

-
VA

SCU
LA

R SM
O

O
TH

 M
U

SCLE
increases

the sensitivity
to vasopressor

horm
ones

(catecholam
ines

and angiotensin
II)

reduces
N

O
-m

ediated
vasodilation

-
LIVERstim

ulates
angiotensinogen

synthesis

-
KYD

N
EY

increases N
a retention and K loss

CO
RTISO

L PH
YSIO

PA
TH

O
LO

GY
blood

pressure
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-
BLO

O
D

: increases
levels

of VIII factor, 
von W

illebrand
factor

and fibrinogen

Throm
boem

bolic
events

CO
RTISO

L PH
YSIO

PA
TH

O
LO

GY
coagulation

profile
-BO

N
E

Stim
ulates

osteoclast
activity

Inhibits
osteoblast

activityosteoporosis

-BO
W

EL 
Inhibits

calcium
absorption

hypercalciuria

CO
RTISO

L PH
YSIO

PA
TH

O
LO

GY
Calcium

hom
eostasis

-KID
N

EY 
Increases

calcium
excretion

Vestergaard
P, Eur

J Endocrinol. 2002 146:51.

PA
TIEN

TS EX
PERIEN

CE FRA
CTU

RES EVEN
 W

ITH
 

M
IN

IM
A

L TRA
U

M
A

W
om

en:am
enorrhea,

hypogonadotropic
hypogonadism

PCO
S-like

phenotype

M
en:hypogonadotropic

hypogonadism

CO
RTISO

L PH
YSIO

PA
TH

O
LO

GY
reproduction

-
H

PG axis: inhibits
LH

 and FSH
 pulsatility:
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A
ndrogen

excess

H
irsutism

,alopecia
acne,ecc.

CO
RTISO

L PH
YSIO

PA
TH

O
LO

GY
Gynecology

/ D
erm

atology

-CN
S

particularly
at

the
hippocam

pus,septum
and

am
ygdala,

centers
involved

in
behaviour,

m
ood,

m
em

ory
and

cognitive
functions.

-
m

ood instability
-

irritability
-

depression


m

entalconcentration


m
em

ory
insom

nia CO
RTISO

L PH
YSIO

PA
TH

O
LO

GY
Central N

ervous
System

I
A
T
R
O
G
E
N
I
C
 
C
U
S
H
I
N
G
’s

S
Y
N
D
R
O
M

E

Frequent
disease

caused
by the excess

intake
of corticosteroid

m
edication, 

often
im

properly
used.

M
A
J
O
R
 
S
Y
N
T
H
E
T
I
C
 

G
L
U
C
O
C
O
R
T
I
C
O
I
D
S

CO
RTISO

N
E A

CETA
TO

ID
RO

CO
RTISO

N
E

D
EX

A
M

ETH
A

ZO
N

E
PRED

N
ISO

N
E

PRED
N

ISO
LO

N
E

M
ETH

YLPRED
N

ISO
LO

N
E

BETA
M

ETH
A

SO
N

E
TRIA

M
CIN

O
LO

N
E

D
EFLA

Z
A

CO
RT

BECLO
M

ETH
A

SO
N

E
BU

D
O

M
ETH

A
SO

N
E

FLU
TICA

SO
N

E

•Cortone
•Flebocortid, Solucortef
•D

ecadron
•D

eltacortene
•Soludacortin, M

etilcortelone
•U

rbason, M
edrol, Solum

edrol
•Bentelan, Celestone
•Ledercort, Kenacort,
•Ipercortis
•Flantadin
•Bectide, Clenil, Topster
•Pulm

axan
•Flixotide, Fluspiral
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B
I
O
L
O
G
I
C
 
A
C
T
I
V
I
T
Y
 
O
F
 
M

A
J
O
R
 

G
L
U
C
O
C
O
R
T
I
C
O
I
D
S

Referred
to the cortisolactivity

(100%
)

Steroids
A
nti-

inflam
m
atory

N
a 

retention
Equivalent

(m
g)

S
h
o
r
t
 
a
c
t
in
g

-
H
y
d
r
o
c
o
r
t
is
o
n
e

-
C
o
r
t
is
o
n
e

1

0
,
8

11

2
0

2
5

I
n
t
e
r
m
e
d
ia
t
e
 

a
c
t
in
g

-
P
r
e
d
n
is
o
n
e

-
P
r
e
d
n
is
o
lo
n
e

-
T
r
ia
m
c
in
o
lo
n
e

3
,
5

45

0
,
7
5

0
,
7
5

0

554

L
o
n
g
 
a
c
t
in
g

-
D
e
x
a
m
e
t
h
a
s
o
n
e

-
B
e
t
a
m
e
t
h
a
s
o
n
e

3
0

2
5

00

0
,
7
5

0
,
6
0

Frequency
8-10 cases

per m
illion. 

W
om

en
m

ore affected
than

m
en.

This frequency refers to overt cases, but it is 
current com

m
on opinion that hypercortisolism

is 
to be suspect before the characteristic signs 
and sym

ptom
s becom

e evident (SU
BCLIN

ICA
L 

H
YPERCO

RTISO
LISM

).

E
N
D
O
G
E
N
O
U
S
 
H
Y
P
E
R
C
O
R
T
I
S
O
L
I
S
M

E
P
I
D
E
M

I
O
L
O
G
Y

E
n
d
o
g
e
n
o
u
s

H
y
p
e
r
c
o
r
t
is
o
lis

m
:

A
C
T
H
-
d
e
p
e
n
d
e
n
t

o
r
 
A
C
T
H
-
in
d
e
p
e
n
d
e
n
t

X
X

X X

A
CTH

-dependent

A
CTH

-independent

E
N
D
O
G
E
N
O
U
S
 
H
Y
P
E
R
C
O
R
T
I
S
O
L
I
S
M

A
C
T
H
-
D
E
P
E
N
D
E
N
T
 
C
U
S
H
I
N
G
‘S

 

D
I
S
E
A
S
E

C
O
R
T
I
C
O
T
R
O
P
I
N
O
M

A

A
C
T
H
-
s
e
c
r
e
t
in
g

P
I
T
U
I
T
A
R
Y
 
A
D
E
N
O
M

A
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Pituitary
M

RI: “an hypointense
form

ation at the level 
of the adenohypophysis of the size of 2 m

m
 in all 

sequences that could be an expression of a pituitary 
m

icroadenom
a

...”.

C
O
R
T
I
C
O
T
R
O
P
I
N
O
M

A

M
onoclonal neoplasm

s that m
ainly occur sporadically. 

Cushing’s disease is very rarely encountered in genetic 
fam

ilial syndrom
es. 

O
ncogenes and tum

or suppressor genes com
m

only 
associated with other tum

or types are only rarely m
uted 

in this tum
or type. 

C
O
R
T
I
C
O
T
R
O
P
I
N
O
M

A
 
E
P
I
D
E
M

I
O
L
O
G
Y

PRL
PRL

N
F

N
F

A
CRO

A
CRO

C
U
S
H

C
U
S
H

1/22
1/6

1/45
3
/
1
6

19/84
1

1/96
4
/
4
3

M
acro-adenom

as
M

icro-adenom
as

D
ata from

a consecutive
series

of
2137 pituitary

tum
ors.

A
m

brosi B. et al.: Pituitary
adenom

as: new
trends

in basic
and clinicalresearch

159, 1991

m
/
f

IN
CID

EN
CE: 1.2 -2.4 cases per m

illion/year
M

A
IN

LY SPO
RA

D
IC 

(fam
ilial form

s are very rare)

Cushing's disease represents the m
ost frequent form

 of 
endogenous hypercortisolism

and is caused by A
CTH

 
hypersecretion by a pituitary adenom

a. 

M
utations in the gene encoding the ubiquitin-specific 

peptidase 8 (U
SP8)have recently been identified in about 

50%
 of the A

CTH
-secreting pituitary adenom

as and, in 
particular, in up to 60%

 of the m
icroadenom

as. 

These m
utations cause the de-ubiquitinization

of the 
Epiderm

al Growth Factor receptor (EGFR), inducing an 
excessive synthesis of proopiom

elanocortin (PO
M

C) and, 
consequently, the hypersecretion of A

CTH
.

M
O

LECU
LA

R BA
SIS O

F 
CO

RTICO
TRO

PIN
O

M
A

M
O
L
E
C
U
L
A
R
 
B
A
S
I
S
 
O
F
 
C
O
R
T
I
C
O
T
R
O
P
I
N
O
M

A

Glucocorticoid resistance –
loss of feedback loop

-
Cortisol inactivation: overexpression

of 11-β-
hydroxysteroid

dehydrogenase
isoform

2 (11β-H
SD

2) 
(cortisol

cortisone).
-

Glucocorticoid
Receptor

(GR): m
utations

in the GR gene 
N

R3C1
are extrem

ely
rare.

-
GR regulation: overexpression

of Testicular
receptor

4 
(repressor

of GR activity), contributing
to A

CTH
 

hypersecretion
and tum

or
growth.

-
GR effect: downregulation

of Brahm
a-related

gene 1 
(Brg1) and histone

deacetylase
2 (H

D
A

C2), and 
overexpression

of heat
shock protein

90 (H
SP90), causing

loss
of GR inhibition

of PO
M

C transcription.
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M
O
L
E
C
U
L
A
R
 
B
A
S
I
S
 
O
F
 
C
O
R
T
I
C
O
T
R
O
P
I
N
O
M

A

Cell cycle dysregulation

G1/S phase
transition

-
Cyclin

E overexpression


increased
E/CD

K2 com
plexes.

-
P27/Kip

reduction.

Cell proliferation
-

EGF-R, FGF-R overexpression.
-

D
ownregulation/loss

of tum
or

suppressors
BM

P4 and Shh.
-

Interleukin
2 and 6 autocrine-paracrine loops.

EGF is a potent m
itogen that enhances D

N
A

 and protein synthesis 
and shifts m

etabolic activity in epithelial cells, although it does 
not have cell-transform

ing capacity
per se. 

EGF-receptor
is

a tyrosine kinase receptor
and is a cellular 

hom
ologue of the v-erbB

oncogene.

E
P
I
T
H
E
L
I
A
L
 
G
R
O
W

T
H
 
F
A
C
T
O
R

The oncogenic effects of the epiderm
al growth 

factor (EGF) have long been established.
EGF-R is overexpressed in m

any types of 
tum

ors and is a target for cancer treatm
ent. 

The pituitary gland is a target of EGF action 
and it is very likely that EGF-R plays a role in 
pituitary tum

or form
ation and progression. 

H
owever, a controversy exists in literature 

concerning EGF-R expression in the different 
types of pituitary adenom

as. 

E
P
I
T
H
E
L
I
A
L
 
G
R
O
W

T
H
 
F
A
C
T
O
R

“A
IM

: we investigated the expression pattern of the 
wild type EGFr

(EGFrW
T) and the constitutively active 

variant III (EGFrvIII) at the m
RN

A
 and protein levels 

in a large series of pituitary tum
ors.“

E
P
I
T
H
E
L
I
A
L
 
G
R
O
W

T
H
 
F
A
C
T
O
R
 
R
E
C
E
P
T
O
R

(…in 2004)
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E
G
F
-
R
 
in
 

p
it
u
it
a
r
y

t
u
m
o
r
s

T
h
e
o
d
o
r
o
p
o
u
lo
u

M
 
e
t
 
a
l.
 
J
 
E
n
d
o
c
r
in
o
l

2
0
0
4

*EGF-R m
RN

A
: presence (+) 

or absence (-) of EGF-R 
transcript;

†%
 ip

cells: percentage of 
endocrine cells 
im

m
unopositive

(ip) 
for EGF-R or phospho-
(Tyr992)-EGF-R (EGF-R-P).

N
ested

RT-PCR and 
im

m
unohistochem

istry
screening of a large series

of 
pituitary

tum
ors

including
PRL-om

as, GH
-om

as, N
FPA

s, 
TSH

-om
as

and A
CTH

-om
as

Sem
iquantitative

RT-PCR analysis and northern blot showed 
EGF-R transcript in representatives of all pituitary tum

or 
types, including all the assayed corticotropinom

as. 
In contrast, all tum

ors were negative for the constitutively 
active truncated EGF-R variant

III.

E
G
F
-
R
 
in
 
p
it
u
it
a
r
y

t
u
m
o
r
s

T
h
e
o
d
o
r
o
p
o
u
lo
u

M
 
e
t
 
a
l.
 
J
 
E
n
d
o
c
r
in
o
l
2
0
0
4

E
G
F
-
R
 
in
 

p
it
u
it
a
r
y

t
u
m
o
r
s

T
h
e
o
d
o
r
o
p
o
u
lo
u

M
 
e
t
 
a
l.
 

J
 
E
n
d
o
c
r
in
o
l
2
0
0
4

N
orm

al
pituitary: 
EGF-R and 
A

CTH
 co-

localized

Cushing: 
EGF-R is
over-
expressed

Cushing: 
EGF-R and 
A

CTH
 over-

-expressed

EGF-R: brown
A

CTH
: red 

A
llEGF-R-expressing

corticotropinom
as

showed 
im

m
unoreactivity

for 
the phosphorylated 
EGF-R at tyrosine 
992, indicative of 
activated
receptor, a 
phenom

enon that 
tended to be 
corticotropinom

a-
specific as it w

as not 
observed in the 
m

ajority of EGF-R-
im

m
unopositive

acrom
egalic

tum
ors.

T
h
e
o
d
o
r
o
p
o
u
lo
u

M
 
e
t
 
a
l.
J

E
n
d
o
c
r
in
o
l
2
0
0
4

E
G
F
-
R
 
in
 
p
it
u
it
a
r
y

t
u
m
o
r
s
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EGF-R-W
T was found in a high percentage of horm

one-
secreting tum

ors, but only in a sm
all fraction of non-

functioning pituitary adenom
as.

N
o expression of the EGF-RvIII

could be detected by 
nested RT-PCR in any tum

or. 
A

m
ong the horm

one-secreting adenom
as, the highest 

incidence of EGF-R expression was found in Cushing’s 
pituitary adenom

as. 
Furtherm

ore, im
m

unohistochem
istry for the 

phosphorylated EGF-R revealed the presence of activated 
EGF-R in m

ost Cushing’s adenom
as, com

pared with m
ost 

pituitary adenom
as. 

E
G
F
-
R
 
in
 
p
it
u
it
a
r
y

t
u
m
o
r
s

Taking into account that downregulation of p27/Kip1 plays
a 

significant
role

in corticotrope tum
origenesis and that EGF-

R m
itogenic

signaling results in decreased p27/Kip1, we 
searched for a correlation between EGF-R expression and 

p27/Kip1 levels in corticotropinom
as. 

Low
p27/Kip1 im

m
unoreactivity

was
observed in 

corticotropinom
as

expressing EGF-R. O
n the other hand, 

som
atotropinom

as
expressing EGF-R had high p27/Kip1 
im

m
unoreactivity. 

These data suggest a corticotrope-specific phenom
enon and 

indicate that EGF-R m
ay have a role in the unbalanced 

growth of corticotrope
tum

oralcells.

E
G
F
-
R
 
in
 
p
it
u
it
a
r
y

t
u
m
o
r
s

T
h
e
o
d
o
r
o
p
o
u
lo
u

M
 
e
t
 
a
l.
 

J
 
E
n
d
o
c
r
in
o
l
2
0
0
4

EGF-R
p27/Kip1

P27 is
expressed in 
GH

-om
as

but 
not in the 
A

CTH
-om

as

E
G
F
-
R
 
in
 
p
it
u
it
a
r
y

t
u
m
o
r
s

p27 protein
arrests

cell
proliferation

by regulating
the cyclin

E threshold
levelrequired

for the 
activation

of CD
K2; 

P27 binds
both

cyclins
and 

CD
K preventing

the G1
S 

transition.

P
2
7
/
K
ip
1

CD
K-inhibitors

fam
ily, encoded

by the CD
KN

1B
gene
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M
O
L
E
C
U
L
A
R
 
B
A
S
I
S
 
O
F
 
C
O
R
T
I
C
O
T
R
O
P
I
N
O
M

A

Som
atic m

utations (…since 2015)

W
hole exom

e
sequencing

studies
revealed

that
alm

ost
half

of corticotrope tum
ors

present
with som

atic
m

utations
in a 

single m
utationalhotspot

in the U
SP8

gene encoding
for 

the ubiquitin-specific
peptidase

8.
U

SP8 m
utations were exclusively found in corticotrope

tum
ors, but in no other pituitary tum

or subtype, nor in 
ectopic A

CTH
-secreting N

ETs.
U

SP8 deubiquitinates
receptor substrates such as EGF-R 

and rescues them
 from

 proteasom
aldegradation. The U

SP8 
m

utants potentiate EGF-R signaling and its stim
ulatory 

action on A
CTH

 synthesis. 

U
b
iq
u
it
in

is a 76-am
ino-acid protein highly 

conserved
in eukaryotes. 

U
b
iq
u
it
in
a
t
io
n

regulates the fates or functions of 
the substrate proteins in m

ultiple ways: 
it participates in protein degradation in the 
proteasom

e, D
N

A
 repair, endocytosis

and 
lysosom

altrafficking, N
FkB

signaling.

For plasm
a m

em
brane proteins, ubiquitination

serves as a signal that delivers the protein from
 

the cell surface to lysosom
es.

U
B
I
Q

U
I
T
I
N
/
E
G
F
-
R
 
D
Y
S
R
E
G
U
L
A
T
I
O
N
 

I
N
 
C
O
R
T
I
C
O
T
R
O
P
I
N
O
M

A
S

Reincke M
, N

at
Genet, 2015

Perez Rivas LG, JCEM
, 2015

H
uang C, O

ncotarget, 2015 
M

a ZY, CellRes, 2015
H

ayashi K, EJE, 2016

U
SP8 is

m
utated

in a single hotspot
in 35-62%

 
of sporadic

A
CTH

-om
as.

U
SP8 catalyzes the cleavage of ubiquitin tags 

(deubiquitination) and is involved in tyrosine kinase 
receptor trafficking and endosom

e-lysosom
e 

function, leading to receptor recycling to the cell 
surface.

This m
utational hotspot is 

located in exon 14 and ward 
U

SP8 off 14-3-3
proteins that 

prevent the cleavage to a highly 
active C-term

inal fragm
ent. 

U
B
I
Q

U
I
T
I
N
-
S
P
E
C
I
F
I
C
 
P
E
P
T
I
D
A
S
E
 
8

U
B
I
Q

U
I
T
I
N
-
S
P
E
C
I
F
I
C
 
P
E
P
T
I
D
A
S
E
 
8
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This receptor downregulation is a 
cellular strategy to prevent the 

cells from
 responding excessively 

to EGF
due to sustained signals

from
 activated

EGF-R. 
A

n E3 enzym
e

c-Cblis recruited 
to ligand-activated EGF-R and 

ubiquitinates
the receptor, 

adding a tag that targets 
activated EGF-R to lysosom

es for 
degradation.

U
SP8

deubiquitinates
EGF-R in 

early endosom
es, rem

oving the 
lysosom

e-targeting tag and 
suppressing its downregulation.

Theodoropoulou
M

 
et al. EJE 2015

U
B
I
Q

U
I
T
I
N
/
E
G
F
-
R
 
D
Y
S
R
E
G
U
L
A
T
I
O
N
 
I
N
 

C
O
R
T
I
C
O
T
R
O
P
I
N
O
M

A
S

U
pon EGF binding on the cell surface, activated EGF-R is rapidly 

internalized and transported, via early and late endosom
es, to lysosom

es 
where EGF-R is degraded by proteolytic hydrolases. 

The binding of 14-3-3 proteins to the 14-3-3 BM
 of m

ouse U
SP8 

suppresses its deubiquitinase
activity toward

ubiquitinated
EGF-R.

U
SP8 m

utations lead to 
the loss of 14-3-3 protein 
binding and prom

ote U
SP8 

cleavage im
m

ediately N
-

term
inal to the 14-3-3 

BM
. 

The cleaved C-term
inal 

40-kD
a D

U
B dom

ain (C40) 
acquires elevated 
catalytic activity.

T
h
e
o
d
o
r
o
p
o
u
lo
u

M
 
e
t
 
a
l.
 

E
J
E
 
2
0
1
5
1
1

U
B
I
Q

U
I
T
I
N
/
E
G
F
-
R
 
D
Y
S
R
E
G
U
L
A
T
I
O
N
 
I
N
 

C
O
R
T
I
C
O
T
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O
P
I
N
O
M

A
S

U
SP8 m

utation
is

a gain 
of function!

SU
RGERY: Trans-sphenoidal selective adenom

ectom
y

results in rem
ission of Cushing’s disease in 25–100%

 of 
cases.
H

owever, recurrence rates are reported as 22–27%
 on 

longterm
follow up. 

D
RU

GS: D
opam

ine receptor D
2 and som

atostatin receptor 
(SSTR) 5 have been found in the m

ajority of corticotroph
tum

ors and treatm
ent with their respective ligands 

decreases A
CTH

 secretion in vitro. Treatm
ent with the 

SSTR5 ligand pasireotide
alone or in com

bination with the 
D

2 agonist cabergoline
was shown to decrease cortisol 

levels and is approved for the treatm
ent of Cushing’s 

disease. 

C
O
R
T
I
C
O
T
R
O
P
I
N
O
M

A
 

T
H
E
R
A
P
E
U
T
I
C
 
S
T
R
A
T
E
G
I
E
S

C
O
R
T
I
C
O
T
R
O
P
I
N
O
M

A
 

T
H
E
R
A
P
E
U
T
I
C
 
S
T
R
A
T
E
G
I
E
S

N
EW

 A
GEN

TS: U
SP8 as

a 
novelattractive

pharm
aceuticaltarget. 

Sm
all m

olecule
U

SP8 inhibitor
displayed

anti-secretory
and 

anti-proliferation
action

in 
im

m
ortalized

m
urine 

corticotrope tum
or

cells.

Jian
et al., 2016

9-ehtyloxyim
ino9H

-indeno[1,2-b] 
pyrazine-2,3-dicarbonitrile,
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E
N
D
O
G
E
N
O
U
S
 

H
Y
P
E
R
C
O
R
I
S
O
L
I
S
M

A
C
T
H
-
I
N
D
E
P
E
N
D
E
N
T
 

C
U
S
H
I
N
G
’S

 
S
Y
N
D
R
O
M

E

A
D
R
E
N
A
L
 
T
U
M

O
R
S

The incidence
of Cushing’s

Syndrom
e

secondary
to an unilateraladrenaladenom

a is
2 cases/m

illion/year.

Prim
ary adrenal etiologies account for 15-20%

 of 
Cushing cases and are due to unilateral neoplasm

s
in 90-98%

.

O
f these, adenom

as represent 80%
, and 

carcinom
as 20%

.

A
D
R
E
N
A
L
 
C
U
S
H
I
N
G

E
P
I
D
E
M

I
O
L
O
G
Y

I
N
C
I
D
E
N
T
A
L
L
Y
 
D
I
S
C
O
V
E
R
E
D
 

A
D
R
E
N
A
L
 
M

A
S
S

A
D
R
E
N
A
L
 
I
N
C
I
D
E
N
T
A
L
O
M

A

Expansive lesions of various sizes, 
generally asym

ptom
atic or associated 

with m
odest and nonspecific signs / 

sym
ptom

s, found "incidentally" during 
diagnostic im

aging tests such as CT, M
RI, 

ultrasound.

A
D
R
E
N
A
L
 
I
N
C
I
D
E
N
T
A
L
O
M

A
 

E
P
I
D
E
M

I
O
L
O
G
Y

•
Prevalence in abdom

en CT scans: 3 -
4%

.
•

O
ccasional autoptic

finding: 2.4%
 -10%

.
•

M
arked differences in prevalence according to

the 
selected population (up to 4.4%

 of cases in cancer 
patients).

•
H

igher prevalence in wom
en.

•
Incidence increasing with ageing: peak around the 6 -7th 
decade of life.

•
M

ost frequently affected site: right adrenal gland.

(M
ansm

ann G. et al, Endocr Rev 2004)
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EPID
EM

IO
LO

GY LEVEL

~350 new cases/year

EX
PECTED

 A
T TH

E 
S.O

RSO
LA

 PO
LICLIN

IC

ETIO
LO

GY LEVEL

PO
SSIBLE A

SSO
CIA

TED
 FIN

D
IN

GS:
Subclinical hyperfunction

states
M

alignant pathologies
Genetic pathologies

Rare pathologies
RED

U
CTIO

N
 O

F M
O

RBILITY FO
R 

BEN
IGN

 PA
TH

O
LO

GIES

A
D
R
E
N
A
L
 
I
N
C
I
D
E
N
T
A
L
O
M

A
 

C
L
I
N
I
C
A
L
 
R
E
L
E
V
A
N
C
E

A
D
R
E
N
A
L
 
I
N
C
I
D
E
N
T
A
L
O
M

A
S

A
drenocortical

M
edulla

O
thers

M
etastasis

A
denom

a
N

odular
H

yperplasia
Carcinom

a

Pheochrom
o-

cytom
a

Ganglioneurom
a

Ganglioneuro-
blastom

a

M
yelolipom

a
N

eurofibrom
a

H
am

artom
a

Teratom
a

X
anthom

atosis
A

m
yloidosis

Cysts
H

em
atom

a
Granulom

atosis

Breast cancer
Lung cancer
lym

phom
a

Leukem
ia

O
thers

A
D
R
E
N
A
L
 
I
N
C
I
D
E
N
T
A
L
O
M

A

P
r
e
v
a
le
n
c
e

p
e
r
 
s
u
b
t
y
p
e

Carcinom
as

4%

Pheochrom
ocytom

a
4%

A
ldosteronom

as
2%

O
ther

lesions
1%

pre-Cushing
A

denom
as

9%

N
on secreting
adenom

as
80%

A
E
T
I
O
L
O
G
Y


N

on-functioning
adenom

a ~80%


Functioning
adenom

a
-cortisolproducing

adenom
a / 

(subclinical) Cushings
~5%

-aldosteronom
a

/ 
Conn's

syndrom
e

~1%


Phaeochrom
ocytom

a
~5%


A

denocorticalcarcinom
a ~5%


M

etastatic
disease

~2.5%
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A
D
R
E
N
A
L
 
I
N
C
I
D
E
N
T
A
L
O
M

A

M
U
L
T
I
P
L
E
 
D
I
A
G
N
O
S
T
I
C
 
Q

U
E
S
T
I
O
N
S

-
D

ifferentialdiagnosis
benign

vs m
alignant.

-
D

ifferentialdiagnosis
altered

vs non altered
function.
-

To evaluate
clinicalcorrelates.

-
To provide

proper
indications

for deciding
the 

best therapeuticalapproach.
-

To decide whether
perform

ing
follow-up and 

what
are its

aim
s.

•
C
T

•
P
E
T
,
 
P
E
T
-
C
T

•
S
c
in
t
ig
r
a
p
h
y

•
D
E
X
A
 
(
d
u
a
l-

e
n
e
r
g
y

x
-
r
a
y

a
b
s
o
r
p
t
io
m
e
t
r
y

o
r
 

d
e
n
s
it
o
m
e
t
r
y
)

M
o
r
p
h
o
lo
g
ic
a
l
d
ia
g
n
o
s
t
ic

p
r
o
t
o
c
o
l

G
e
n
e
t
ic

d
ia
g
n
o
s
t
ic

p
r
o
t
o
c
o
l

•Enzym
atic

deficits
of steroidogenesis

•Sporadic
pheochrom

ocitom
a

•M
EN

 2
•O

thers

U
p to 7 different

biochem
icaltests

(2 highly
invasive)

2 Im
aging

A
pproaches

I
D
E
N
T
I
F
Y
I
N
G
 
T
H
E
 
S
O
U
R
C
E
 
O
F
 

E
N
D
O
G
E
N
O
U
S
 
H
Y
P
E
R
C
O
R
T
I
S
O
L
I
S
M

A
t a clinicalground, pituitary, ectopic

and adrenal
form

s
of Cushing’s

syndrom
e

are hardly
distinguishable.

Localizing
the origin

of the H
PA

 dysfunction
is

a hard 
path…

U
nstandardized

assays
U

nstandardized
cut-offs

Inter-individualvariability
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•
24 h U

rinary
Free C

o
r
t
is
o
l(≥2 tests)

•
Serum

C
o
r
t
is
o
lPost O

vernight 1 m
g D

ST 
•

Late night salivary
C
o
r
t
is
o
l(≥2 tests)

A
CTH

< 5 pg/m
L

(>2 tests):


A
C
T
H
-

I
N
D
E
P
E
N
D
E
N
T
 

C
U
S
H
I
N
G
’S

1) D
iagnosis

of endogenous
Cushing’s

Syndrom
e:

2) O
rigin

of H
ypercortisolism

: plasm
a A

C
T
H

A
CTH

> 15/20 pg/m
L:


A
C
T
H
-
D
E
P
E
N
D
E
N
T
 

C
U
S
H
I
N
G
’S

A
drenalIm

aging
•8 m

g D
ST test

•CRH
 test

•D
esm

opressin
test

•Pituitary
M

RI
•BIPPS

W
O
R
K
F
L
O
W

 
F
O
R
 
E
N
D
O
G
E
N
O
U
S
 

H
Y
P
E
R
C
O
R
T
I
S
O
L
I
S
M

 
D
I
A
G
N
O
S
I
S

5 <A
CTH

< 15/20 pg/m
L:

U
N
D
E
T
E
R
M

I
N
E
D


M

onolateral, Carcinom
a


M

onolateral, A
denom

a


H
yperplasia: 
-

A
drenalVein

Sam
pling

-
N

O
 PERIPH

ERA
L BIO

M
A

RKERS


Pituitary


Ectopic

24 hour
M

ultiple tim
e points

Early
m

orning


Total daily
exposure


Steroid
interferences


Free –

active
fraction


Very

low
levels


Secretion


Com

plex
m

atrix

B
lo
o
d
 
t
o
t
a
l
C
o
r
t
is
o
l

(
b
a
s
a
l
a
n
d
 
f
u
n
c
t
io
n
a
l
t
e
s
t
s
)

L
a
t
e
 
N
ig
h
t
 
S
a
liv

a
r
y

C
o
r
t
is
o
l

2
4
h
 
U
r
in
a
r
y

F
r
e
e
 
C
o
r
t
is
o
l

B
io
c
h
e
m
ic
a
l
a
s
s
e
s
s
m
e
n
t

o
f
 

H
y
p
e
r
c
o
r
t
is
o
lis

m

Evaluation
of

the
circadian

rhythm
of

A
CTH

and
cortisol

(blood
taken

at
8

am
and

16
am

)

B
io
c
h
e
m
ic
a
l
a
s
s
e
s
s
m
e
n
t

o
f
 
H
y
p
e
r
c
o
r
t
is
o
lis

m

B
A
S
A
L
 
B
L
O
O
D
 
T
E
S
T
I
N
G
 

M
orning

cortisollevelis
not

altered
in Cushing. 

Blood testing
in the late afternoon

is
hard to perform

.

B
io
c
h
e
m
ic
a
l
a
s
s
e
s
s
m
e
n
t

o
f
 
H
y
p
e
r
c
o
r
t
is
o
lis

m

D
E
X
A
M

E
T
H
A
Z
O
N
E
 
S
U
P
P
R
E
S
S
I
O
N
 
T
E
S
T
 

D
exam

ethasone
1m

g 
adm

inistration
overnight

at
11pm

Following
m

orning: 
blood

cortisolm
easurem

ent

Cut-off: 138 nm
ol/L

Exploring
the 

feedback function
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Evaluation
of

the
circadian

fluctuation
of

salivary
cortisol

throughout
the

day.
D

iagnosis
is

based
on

m
idnight

values.

B
io
c
h
e
m
ic
a
l
a
s
s
e
s
s
m
e
n
t

o
f
 
H
y
p
e
r
c
o
r
t
is
o
lis

m

S
A
L
I
V
A
R
Y
 
C
O
R
T
I
S
O
L

Exploring
the circadian

rhythm
preservation

PA
TIEN

T

N
O

RM
A

L

B
io
c
h
e
m
ic
a
l
a
s
s
e
s
s
m
e
n
t

o
f
 
H
y
p
e
r
c
o
r
t
is
o
lis

m

U
R
I
N
A
R
Y
 
F
R
E
E
 
C
O
R
T
I
S
O
L

Evaluating
the totalcortisolexcretion

(and 
production) over the day.

U
rine

collection
throughout

the
24h

H
O
R
M

O
N
A
L
 
C
O
N
T
R
O
L
 
O
F
 
T
H
E
 

A
R
T
E
R
I
A
L
 
B
L
O
O
D
 
P
R
E
S
S
U
R
E

D
e
c
r
e
a
s
e
d

b
lo
o
d

p
r
e
s
s
u
r
e

I
n
c
r
e
a
s
e
d

K
+
 

e
x
c
r
e
t
io
n

A
L
D
O
S
T
E
R
O
N
O
M

A
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H
Y
P
E
R
A
L
D
O
S
T
E
R
O
N
I
S
M

Functionalclassification
of

adrenalm
ass

based
on 

1m
g D

ST

-
N

on-secreting: cortisol<50 nm
ol/L. 

-
Subclinicalhypercortisolism

: cortisol>50 nm
ol/L 

(<138 nm
ol/L).

S
U
B
C
L
I
N
I
C
A
L
 
H
Y
P
E
R
C
O
R
T
I
S
O
L
I
S
M

D
i D

alm
azi G et al., Lancet D

iabetes Endocrinol, 2014

N
=198 M

ean
follow-up

7.5 years
(2-15 years)

H
a
z
a
r
d

r
a
t
io

P
 
v
a
lu
e

A
ge (1 yr

increase)
1.01

0.86

H
ypertension (yes

vs
no)

7.36
0.02

Stroke
(yes

vs
no)

10.27
0.01

M
yocardialinfarction

(yes
vs

no)
29.05

<0.001

Lipid lowering
treatm

ent
(no

vs
yes)

0.11
0.02

D
elta cortisolbaseline-end of

follow-up
(10 nm

ol/L increase)
1.13

0.001

Stable non-secreting

Stable
subclinical

hypercortisolism

W
orsening group

M
orelli V eta l., JCE&M

, 2014

N
=206 -

M
edian follow-up

6 years
S

H
 -

S
H

 +
P

 v
a

lu
e

Annual rate of
cardiovascularevents(%

)
1.2

3.1
0.004

S
U
B
C
L
I
N
I
C
A
L
 
H
Y
P
E
R
C
O
R
T
I
S
O
L
I
S
M

C
A
R
D
I
O
V
A
S
C
U
L
A
R
 
R
I
S
K

Excess
glucocorticoid

is
accom

panied
by 

increased
aldosterone 

and reduced
androgens, 

overallcontributing
to 

the increased
cardiovascular

risk.

S
U
B
C
L
I
N
I
C
A
L
 

H
Y
P
E
R
C
O
R
T
I
S
O
L
I
S
M

D
erangem

ent
of 

the overall
adrenalsteroid

secretion.
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P
H
E
O
C
H
R
O
M

O
C
Y
T
O
M

A

P
A
T
H
W

A
Y
 
O
F
 
C
A
T
E
C
H
O
L
A
M

I
N
E
 

S
Y
N
T
H
E
S
I
S
 

CN
S: 

D
opam

inergic 
and 
noradrenergic 
neurons.
A

drenal 
m

edulla: 
sym

pathetic 
nerves and 
chrom

affin
cells.
Perhipery: 
paraganglia.

C
N
S
 
n
e
u
r
o
n
s

K
id
n
e
y

a
n
d
 

G
I
 
c
e
lls

N
o
r
a
d
r
e
n
e
r
g
ic

n
e
u
r
o
n
s

A
d
r
e
n
a
l

c
h
r
o
m
a
f
f
in

c
e
lls

C
A
T
E
C
H
O
L
A
M

I
N
E
 
S
Y
N
T
H
E
S
I
S
 

A
CTH

, A
Ch

Intra-cellular N
E

Glucocorticoids

Intra-cellular E

A
Ch

Extra-cellular 
E and N

E

C
A
T
E
C
H
O
L
A
M

I
N
E
 
F
U
N
C
T
I
O
N
S
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C
A
T
E
C
H
O
L
A
M

I
N
E
 
R
E
C
E
P
T
O
R
S

C
A
T
E
C
H
O
L
A
M

I
N
E
 
F
U
N
C
T
I
O
N
S

1.
Glucose

m
etabolism

: increase
glycaem

ia
by 

prom
oting

gluconeogenesis
and glycogenolysis, 

and by inhibiting
glycogen

synthesis.
2.Lipid

m
etabolism

: prom
ote

lypolisis
in the 

adipose cell, the increase
in circulating

FFA
s

and their
utilization

as
fuelby heart

and 
m

uscle
cells.

3.Circulatory
system

: increase
cardiac

output, 
blood

pressure, oxygen
consum

ption. Sm
ooth

m
uscle

relaxation
at

the bronchi, gastro-
intestinaltract

and skeletalm
uscle

vessels.

S
Y
M

P
A
T
H
O
B
L
A
S
T
S
/

N
E
U
R
O
B
L
A
S
T

(N
e
u
r
o
b
la
s
t
o
m
a
)

P
H
E
O
C
H
R
O
M

O
B
L
A
S
T

(P
h
e
o
c
h
r
o
m
o
b
la
s
t
o
m
a
)

S
Y
M

P
A
T
H
E
T
I
C
 

G
A
N
G
L
I
O
N
 
C
E
L
L

(G
a
n
g
lio

n
e
u
r
o
m
a
)

(P
h
e
o
c
h
r
o
m
o
c
y
t
o
m
a
)

S
Y
M

P
A
T
H
O
G
O
N
I
A

(S
y
m
p
a
t
h
o
g
o
n
io
m
a
)

Pheochrom
ocytom

a is a rare tum
or of the 

neuroectoderm
ic tissue differentiated toward the 
chrom

affin lineage.

C
H
R
O
M

A
F
F
I
N
 
C
E
L
L

P
h
e
o
c
h
r
o
m
o
c
y
t
o
m
a

s
y
m
p
a
t
h
e
t
ic
 
in
 
o
r
ig
in

in
t
r
a
-
a
d
r
e
n
a
l

e
x
t
r
a
-
a
d
r
e
n
a
l:
 
a
b
d
o
m
in
a
l,
 
t
h
o
r
a
c
ic

P
a
r
a
g
a
n
g
lio

m
a
 

P
G
L
 

p
a
r
a
s
y
m
p
a
t
h
e
t
ic
 
in
 
o
r
ig
in

H
e
a
d
/
N
e
c
k
:

C
a
r
o
t
id
 
b
o
d
y
 
t
u
m
o
r
 

v
a
g
a
l 
P
G
L
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

j
u
g
u
la
r
 
P
G
L
 
 
 
 
 
 
 
 
 
 
 
 

t
y
m
p
a
n
ic
 
P
G
L

N
E
U
R
A
L
 
C
R
E
S
T
-
D
E
R
I
V
E
D
 
T
U
M

O
R
S

C
L
A
S
S
I
F
I
C
A
T
I
O
N
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Secreting 
pheochrom

ocytom
a

(Pheo)

Secreting 
pheochrom

ocytom
a

(Pheo)

Secreting sym
pathetic 

paraganglia (PGL)

 chest
 retroperitoneal
 urinary bladder

Secreting sym
pathetic 

paraganglia (PGL)

 chest
 retroperitoneal
 urinary bladder

N
on secreting 

parasym
pathetic 

paraganglia (H
N

PGL)

 head
neck

 pulm
onary aorta

N
on secreting 

parasym
pathetic 

paraganglia (H
N

PGL)

 head
neck

 pulm
onary aorta

-Incidence: 2-8 cases
/ m

illion
/ year.

-U
nderlying

cause of hypertension
in 0.1%

 of 
hypertensive

patients.

-Estim
ated

prevalence
1:2500 –

1:6500.

P
H
E
O
/
P
G
L
 
E
P
I
D
E
M

I
O
L
O
G
Y

•
90%

 adrenal
•

10%
 extra-adrenal(PGL)

•
90%

 benign
form

s
•

10%
 m

alignant
form

s

•
65%

 sporadic
•

35%
 fam

ilial
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F
A
M

I
L
I
A
L
 
F
O
R
M

S

M
E
N
 
2
A
,
 
2
B

(m
utation

of Ret
protoncogene)

V
o
n
 
H
ip
p
e
l
L
in
d
a
u

S
y
n
d
r
o
m
e

(m
utation

of VH
L oncosuppressor)

V
o
n
 
R
e
c
k
lin

g
h
a
u
s
e
n
S
y
n
d
r
o
m
e

(m
utation

of N
F1

gene)
H
e
a
d
 
a
n
d
 
n
e
c
k

P
a
r
a
g
a
n
g
lio

m
a

(m
utation

of m
itochondrialsuccinate

dehydrogenase
subunits

B, D
 or C)

P
H
E
O
C
H
R
O
M

O
C
Y
T
O
M

A

RET:
adrenergic phenotype (adrenal), association with: m

edullary 
thyroid C, Lychen C, m

arphanoid habitus, m
ucosal neurom

as

VH
L:

noradrenergic phenotype, young age
association with: 

hem
angioblastom

as, renal cell C., pancreatic cysts

SD
H

B:m
alignant pheo, association with: thyroid papillary C, 

renal cell C.

SD
H

D
: m

ultiple head/neck PGL, N
CD

 tum
or associated to a 

head/neck PGL

G
E
N
E
T
I
C
 

S
Y
N
D
R
O
M

E
S

T
u
m
o
r

c
lu
s
t
e
r
s

P
h
e
o
c
h
r
o
m
o
c
y
t
o
m
a

is
 
t
h
e
 
n
e
o
p
la
s
m
 

w
it
h
 
t
h
e
 
g
r
e
a
t
e
s
t
 
in
h
e
r
it
a
n
c
e
 
r
a
t
e

the inheritance predictors are:
the presence of a syndrom

e
age of appearance

bilaterality
/ m

ultiplicity
m

alignancy

m
ore than 30%

 hereditary.
m

ore than 10 genes involved
m

ultiple m
echanism

s, but in connection with each 
other

A
ge at

presentation
of Patients

with 
M

utations
or Sporadic

D
isease
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A
ge at

presentation
of Patients

with 
M

utations
or Sporadic

D
isease

G
e
n
e
t
ic
s

0
-
1
0

1
1
-
2
0

2
1
-
3
0

3
1
-
4
0

4
2
-
5
0

5
1
-
6
0

6
1
-
8
0

t
o
t

V
H
L

6
1
7

2
3

2
0

0
3
0

R
E
T

0
0

4
4

5
0
 
 
 

0
1
3

S
D
H
D

1
2

3
3

1
1

0
1
1

S
D
H
B

0
5

3
2

2
0

0
1
2

N
o
 
m
u
t
a
t
io
n
s

3
2
3

1
9

3
2

4
6

5
0

3
2
 
 
 
 
 
 
 
 
2
0
5

%
 
m
u
t
a
t
io
n
s

7
0

5
1

3
9

2
7

1
8

2
0
_
 
 
 
 
 
2
4
.
4

N
eum

ann et al. Germ
-line m

utations in nonsyndrom
ic pheochrom

ocytom
a. N

 Engl J M
ed 2002

A
 germ

-line m
utation is present in 24.4%

 (66/271) of 
patients affected by an apparently sporadic 

pheochrom
ocytom

a

H
Y
P
E
R
T
E
N
S
I
O
N

is
the m

ost
frequent

sym
ptom

: 
persistent, fluctuating

or paroxysm
al(ht

crysis). Less
frequently, orthostatic

hypotension. 

Crysis
m

ay
be accom

panied
by palpitations, sweating, 

headache, nausea, diarrhea
/ constipation, dyspnoea, 

fatigue, fever, dizziness, trem
ors, abdom

inalpain, chest
pain, anxiety.

A
drenalin

hypersecretion
can cause m

etabolic
im

balances
sych

as
hyperglycaem

ia, IGT and D
M

. 

S
Y
M

P
T
O
M

L
E
S
S

Com
plications

of hypertension
(hearth, brain, kidney)

are the m
ost

frequent
causes

of death.

P
H
E
O
 
C
L
I
N
I
C
A
L
 
F
E
A
T
U
R
E
S

A
 high percentage

of Pheo
(30-50%

) are not
diagnosed

in life.

A
 high num

ber of Pheo
are unexpectedly 

found in autoptic
series.

P
H
E
O
C
H
R
O
M

O
C
Y
T
O
M

A

H
A
R
D
 
T
O
 
D
I
A
G
N
O
S
E

Should
be suspected

in presence
of:paroxysm

alor not
H
Y
P
E
R
T
E
N
S
I
O
N

resistant

with hypertension
A
D
R
E
N
A
L
 
M

A
S
S

without
hypertension

P
H
E
O
C
H
R
O
M

O
C
Y
T
O
M

A
 

D
I
A
G
N
O
S
I
S
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P
H
E
O
C
H
R
O
M

O
C
Y
T
O
M

A
 

B
I
O
C
H
E
M

I
C
A
L
 
D
I
A
G
N
O
S
I
S

C
A
T
E
C
H
O
L
A
M

I
N
E
 
M

E
T
A
B
O
L
I
S
M

CO
M

T: catechol-O
-m

ethyl-transferase.
M

A
O

: m
onoam

ine oxidase.

P
H
E
O
C
H
R
O
M

O
C
Y
T
O
M

A
 

B
I
O
C
H
E
M

I
C
A
L
 
D
I
A
G
N
O
S
I
S

Large heterogeneity
exists

in catecholam
ine

release in the bloodstream
am

ong
Pheo

tum
ors.

Short half-life m
akes it difficult to distinguish 

pathological overproduction from
 transient burst 

of secretion during the stress of blood sam
pling.

D
IA

GN
O

SIS O
F PH

EO
 REQ

U
IRES BIO

CH
EM

ICA
L 

EVID
EN

CE O
F EX

CESSIVE CA
TECH

O
LA

M
IN

E 
PRO

D
U

CTIO
N

 BY TH
E TU

M
O

R.

M
etanephrines

levels
represent

tum
or

activity
independently

from
 catecholam

ine
release.

U
rinary excretion or plasm

a concentrations of 
m

etanephrines
show strong positive correlation 

with tum
or size and can be useful for judging the 

extent and progression of disease.
M

etanephrine
profile can help distinguishing intra-

from
 extra-adrenal location, and can be helpful in 

distinguishing different genetic etiology.

P
H
E
O
C
H
R
O
M

O
C
Y
T
O
M

A
 

B
I
O
C
H
E
M

I
C
A
L
 
D
I
A
G
N
O
S
I
S

Plasm
a

-catecholam
ine

(usefulduring
hypertensive

crysis);
-m

etanephrine/norm
etanephrin

(m
ost

sensitive m
arkers).

24h U
rine collection

-catecholam
ine;

-m
etanephrine/norm

etanephrine
(m

ost
sensitive m

arkers);
-vanilm

andelic
acid VM

A
(not

very
sensitive, levels

m
ight

be 
low

if
the tum

or
size

is
sm

all).

P
H
E
O
C
H
R
O
M

O
C
Y
T
O
M

A
 

B
I
O
C
H
E
M

I
C
A
L
 
D
I
A
G
N
O
S
I
S
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S
E
N
S
I
T
I
V
I
T
Y
 
A
N
D
 
S
P
E
C
I
F
I
C
I
T
Y
 
O
F
 
B
I
O
C
H
E
M

I
C
A
L
 
T
E
S
T
S
 

F
O
R
 
P
H
E
O

S
E
N
S
I
T
I
V
I
T
Y

S
P
E
C
I
F
I
C
I
T
Y

Plasm
a free m

etanephrines      99 %
Vanillylm

andelic acid               95 %

U
rinary fractionated M

N
           97 %

U
rinary total M

N
                     93 %

U
rinary Catecholam

ines           86 %
Plasm

a free m
etanephrines      89%

Plasm
a Catecholam

ines           84 %
U

rinary Catecholam
ines           88%

U
rinary

totalM
N

                     77 %
Plasm

a Catecholam
ines           81 %

Vanillylm
andelic acid               64 %

U
rinary

fractionated
M

N
           69%

Lenders JW
, et al JA

M
A

 2002

P
H
E
O
C
H
R
O
M

O
C
Y
T
O
M

A
 

B
I
O
C
H
E
M

I
C
A
L
 
D
I
A
G
N
O
S
I
S

C
T
 
s
c
a
n
n
in
g

M
R
I
 
s
c
a
n
n
in
g

I
-
1
3
1
-
M

I
B
G
 
s
c
in
t
ig
r
a
p
h
y

P
E
T
 
s
c
a
n

V
e
n
o
u
s

s
a
m
p
lin

g

P
H
E
O
C
H
R
O
M

O
C
Y
T
O
M

A
 

L
O
C
A
L
I
Z
A
T
I
O
N

SU
RGICA

L EX
CISIO

N
First choiche

approach, m
ainly

by laparoscopy.

PH
A

RM
A

CO
LO

CIGA
L

-Preparation
for surgery.

-Control of hypertensive
crysis.

-Intra-
or post-surgicalcom

plications.
-In inoperable

cases.

P
H
E
O
C
H
R
O
M

O
C
Y
T
O
M

A
 

T
H
E
R
A
P
Y

M
edical therapy of pheochrom

ocytom
a

is based on the 
use of α-antagonists (α-adrenoreceptors

blockers), in 
particular α1-selective, which

show lower
risk

for 
tachycardia.

These drugs do not interfere with the release of 
catecholam

ines, but lim
it their peripheral effects by 

blocking alpha vascostrictor
receptors. They therefore 

induce vasodilation and volum
e re-expansion.

D
O

X
A

ZO
SIN

 (Cardura®
): α1-selective com

petitive 
inhibitor.

P
H
E
O
C
H
R
O
M

O
C
Y
T
O
M

A
 

P
H
A
R
M

A
C
O
L
O
G
I
C
 
T
H
E
R
A
P
Y
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H
YPERPA

RA
TH

YRO
ID

ISM

and

O
STEO

PO
RO

SIS

CA
LCIU

M
 D

A
ILY TU

RN
O
VER

neurom
uscolar

excitability, 
signaltransduction, 
blood

coagulation, 
horm

one
secretion, 

enzym
e

regulation
etc…

CA
LCIU

M
 FRA

CTIO
N
S IN

 SERU
M

Ionized
free Ca2+: 50%

Protein
bound: 40-50%

 (90%
 album

in, globulins)
Com

plexed: 1%
 (citrate, phosphate)

O
nly

free ionized
Ca2+ is

biologically
active.

Ca2+ norm
alrange

8.5 –
10 m

g/dL
in plasm

a.
99%

 of Calcium
is

stored
in the bones, m

ainly
as

hydroxyapatite
crystals. 

Thougt
it

is
the m

ajor Ca2+ reservoir
in the body, very

little
Ca2+ can be released

from
 the bone.

Because
of its

greater
accessibility, trabecular

bone (20%
 

of bone m
ass) is

involved
in Calcium

turnover m
ore than

corticalbone (80%
 of bone m

ass).

PA
RA

TH
YRO

ID
S 

Parathyroid horm
one (PTH

) defends the extracellular 
fluid from

 hypocalcem
ia.

PTH
 is secreted by chief cells.

N
euronal, horm

onaland localstim
ulatory

control of PTH
 

secretion.
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Extracellular
“calciostat”

PTH
 level is titrated to the plasm

a Ca
2+concentration via a 

Ca
2+sensing m

echanism
 that m

ediates feedback inhibition of 
PTH

 secretion. 

CaSR
–

PTH
 –

1,25(O
H
)2-VitD

 axis
Parathyroid

Ca2+-SEN
SIN

G Receptor

Conigrave
2016

Extracellular
“calciostat”

The set-point
for this

calciostat
occurs

at
a plasm

a ionized
Ca2+ 

concentration
of 1.1–1.2m

M
, corresponding

to plasm
a totalcalcium

concentrations
of around

2.2–2.4 m
M

, of which
approxim

ately
half

is
in 

an album
in-bound

form
. 

PTH
 secretion

rates
rise 2 to 4-fold as

Ca2+ drops
down to 1.0 m

M
and 

are effectively
suppressed

by >50%
 as

Ca2+ rises
toward

1.4 m
M

.

CaSR
is a hom

odim
er receptor on parathyroid cell m

em
brane, 

sensing changes in extracellular [Ca2+] by its external flytrap 
lobes. 
A

 raise in extracellular [Ca2+] is transduced by the CaSR
into 

intracellular signal cascades leading to a decrease in PTH
 

secretion. 

Parathyroid
Ca2+-SEN

SIN
G Receptor

Since PTH
 acts to 

increase extracellular 
[Ca2+], CaSR-
m

ediated inhibition of 
PTH

 release prevents 
hypercalcem

ia 
through a negative 
feedback m

echanism
.

CaSR
(3q13.3-21)

G-protein
coupled

receptor.
D

im
erization

induced
by

Ca
2+

binding
activates

PI-
PLC

and
inhibits

adenylyl-
cyclase,

leading
to

downstream
events

blocking
PTH

secretion.

A
lso

expressed
in oxyphil

cells, thyroid
C-cells

and 
kidney. 

A
ctivating

m
utations

(A
D

) 
have

been
described

inducing
hypocalcem

ic
hypercalciuria. 
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PA
RA

TH
O
RM

O
N
E

In addition
to providing

acute control of PTH
 secretion

from
 

both
newly-form

ed
secretory

vesicles
and stored

secretory
granules, the Ca2+-m

ediated
feedback m

echanism
also

suppresses
the transcription

of the PreProPTH
gene and cell

proliferation

CaSR
–

PTH
 –

1,25(O
H
)2-VitD

M
utual regulation at the functional and transcriptional 

level.

CaSR
–

PTH
 –

1,25(O
H
)2-VitD

 axis
CaSR

–
PTH

 –
1,25(O

H
)2-VitD

 axis
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CaSR
–

PTH
 –

1,25(O
H
)2-VitD

 axis

25O
H
-vitam

inD
1alpha-hydroxylase. 

Type
1 PTH

-R expressed
in kidney

cells, osteblasts, skin, 
placenta, breast, cartilage, nervous

system
, sm

ooth
m

uscle.

PA
RA

TH
O
RM

O
N
E RECEPTO

R TYPE 1

PTH
 induces

Ca m
obilization

from
 bones, stim

ulates
phosphates

escretion
at

the kidney, and, via vitam
in

D
 

activation, Ca absorption
at

the intestine.

PA
RA

TH
O
RM

O
N
E A

CTIO
N
S

PTH
-Ca2+ regulation

% PTH secretion 120

100806040200
0.4   0.7  1.0   1.3   1.6   2.0   2.3   2.6

Ca ++ (m
M

ol)

The secretion of PTH
 is inversely proportional to

plasm
a concentration of Ca. 

In hyperparathyroidism
the curve shifts to the right.

H
YPERPT

N
orm

al
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Prim
ary H

yperparathyroidism
-

Characterized by norm
o-

or hyper-calcaem
ia.

-
A

utonom
ous secretion of PTH

.
-

Sporadic form
s, fam

iliar form
s (FH

H
, M

EN
 1 and 2a), iatrogenic 

(Lithium
).Secondary H

yperparathyroidism
-

A
ppropriate hypersecretion of PTH

 in response to hypocalcaem
ia.

-
Characterized by norm

o-
or hypo-calcaem

ia.

Tertiary H
yperparathyroidism

D
evelopm

ent of functional autonom
y during long lasting secondary 

h yperparathyroidism
.

H
YPERPA

RA
TH

YRO
ID

ISM
 

CLA
SSIFICA

TIO
N

LA
BO

RA
TO

RY

85%
 PT A

denom
a (sporadic and fam

iliar) 
5-10%

 Ectopic neoplasia
15%

H
yperplasia

(M
EN

1
or

2a,FH
H

)
1%

PT
Carcinom

a

-
H

ypercalcem
ia

-
H

ypercalciuria (Ca exceeds PTH
-

induced absorption stim
uls

in tubules)
-

H
ypophosphatem

ia
-

H
yperphosphaturia


PTH

CLIN
IC

-
SYM

PTO
M

A
TIC

-
SYM

PTO
M

LESS

Prim
ary

H
yperparathyroidism
(PH

PT)

Sym
ptom

atic
form

s: 
-

90%
: O

steopenia/O
steoporosis

(D
EX

A
for radius, rachis

fem
ur);

D
iffused

bone pain;
Local bone pain

(disease-related
fractures);

-
10%

 O
steitis

fibrosa-cystica, bone deform
ities.

Sym
ptom

less
form

s: 
diffused

bone pain
and m

ild
osteopenia.


Catabolic

processes


M
ineralization


O

steoclast
activity

Prim
ary

PH
PT, CLIN

ICA
L SIGN

S
BO

N
E

30-40%
  kidney

stones
causing

kidney
colics.

10%
        N

ephrocalcinosis.
Rarely

polyuria
and polydipsia.


M

ild
glom

erular
filtration;


proxym

alphosphate
reabsorption


hyperphosphaturia;


tubular

Ca++ reabsorption
with hypercalciuria;


proxym

albicarbonate
reabsorption;


sensitivity

of distaltubules
to A

D
H

 and hypercalcem
ia.

Prim
ary

PH
PT, CLIN

ICA
L SIGN

S
KID

N
EY
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Sym
ptom

atic
form

s: 
-

dyspepsia up to peptic ulcer
-

pancreatitis (acute / chronic)

Sym
ptom

less
form

s: 
D

iffuse abdom
inalpain

-


Gastrine and H
Clsecretion.

-
Calcium

salts
deposition

in pancreatic
ducts.

Prim
ary

PH
PT, CLIN

ICA
L SIGN

S
GA

STRO
-IN

TESTIN
A
L TRA

CT

Sym
ptom

atic
form

s: 
-

m
ood swings, depression;

-
difficulty in concentrating, reduced m

em
ory and weakness;

-
W

ith high calcem
ia: confusion, dullness to lethargy, com

a 
and death.

Sym
ptom

less
form

s: asthenia
and headache

increased
neuronalexcitability

Prim
ary

PH
PT, CLIN

ICA
L SIGN

S
N
EU

RO
M

U
SCO

LA
R A

PPA
RA

TU
S

Sym
ptom

atic
form

s: 
-

high blood pressure (55%
 of cases);

-
left ventricular hypertrophy (82%

 of cases);
-

arrhythm
ias;

-
aortic and m

itral valve calcifications (40%
 of cases);

Sym
ptom

less
form

s: 
Penetrance

uncertain
and stillbeing

studied. 

hypercalcem
ia-related

sym
ptom

s

Prim
ary

PH
PT, CLIN

ICA
L SIGN

S
CA

RD
IO

VA
SCU

LA
R SYSTEM

-
m

entalconfusion, lethargy, com
a;

-
severe abdom

inalpain;
-

nausea, vom
iting, peptic

ulcer, pancreatitis.

H
ypercalcem

ia
> 15 m

g/dL

PTH
 20 folds

higher
than

the norm
alrange

Prim
ary

PH
PT, CLIN

ICA
L SIGN

S

PA
RA

TH
YRO

ID
 CRISIS
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D
RU

G TH
ERA

PY IN
 PRIM

A
RY H

PT
CA

LCIM
IM

ETICS 

CIN
A
CA

LCET (M
IM

PA
RA

®
) 

(2
緆

generation ligand)

-
Target = Calcium

-sensing receptor on PT cells.
-


CaSR
sensitivity to extracellular [Ca2+].

-
N

orm
alizes serum

 Ca in m
oderate PH

PT.
-

PTH
 decreases (though not norm

alized).

• Chronic renal failure (GFR <40-50 m
l/m

in):
reduced phosphate excretion and reduced Vit D

 
activation;
• O

steom
alacia

(vitam
in D

 deficiency);
• M

alabsorption syndrom
es

(celiac disease, inflam
m

atory bowel disease);
• Renal tubular acidosis (< production of vitam

in D
);

• Pseudohypoparathyroidism
 (resistance to PTH

 
action).

Secondary
H
yperparathyroidism

Condition in which a disease outside of the parathyroid 
glands causes all of the parathyroid glands to becom

e 
enlarged and hyperactive.

D
evelopm

ent of autonom
ous (dysregulated) 

parathyroid function following a long period 
of persistent parathyroid stim

ulation 
(secondary H

PT).

Severe sym
ptom

atology justify the surgical 
option.

Tertiary
H
yperparathyroidism

A
ssociated with 
PTH

 alteration
Lithium
FH

H
 (Fam

ilialhypocalciuric
hypercalcem

ia)

Lytic
(bone) m

etastasis
in solid

tum
ors

(breast, lung, 
kidney)
H

em
atologic

m
alignancies

(m
ielom

a, leukem
ia, 

lym
phom

a)
H

um
oralhypercalcem

ia
of m

alignancy
(lung, kidney)


Vitam

in
D

vit. D
 intoxication

Granulom
atous

disease
Idiopathic

childhood
hyperCa


Bone 

turnover H
yperthyroidism

Im
m

obilization
Thiazide
vit. A

 intoxication
A

ssociated with 
kidney

disease
Tertiary

H
yper-PTH

 
M

ilk-alkalisyndrom
e

H
YPERCA

LCEM
IA

: O
TH

ER CA
U
SES

A
ssociated 
neoplasia
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H
YPERPA

RA
TH

YRO
ID

ISM

and

O
STEO

PO
RO

SIS
Skeletal disorder characterized by 

decreased bone strength and increased 
susceptibility of fractures.

Bone strength reflects both bone density 
and bone quality.

N
I
H
 
C

o
n
s
e
n
s
u
s
 D

e
v
e
lo

p
m

e
n
t
 P

a
n
e
l o

n
 O

s
t
e
o
p
o
r
o
s
is

, 2
0
0
1

O
STEO

PO
RO

SIS: A
N
 EVO

LVIN
G PA

RA
D
IGM

D
isease characterized by low bone m

ass and 
m

icroarchitectural deterioration of bone 
tissue, leading to enhanced bone fragility 

and a consequent increase in fracture risk.

W
o
r
ld
 
H
e
a
lt
h
 
O
r
g
a
n
iz
a
t
io
n

( W
H

O
), 1

9
9

3

W
O

RLD
W

ID
E

O
steoporosis disease has social relevance. 

Its incidence increases with age, affecting the m
ajority of 

the population aged >70 y.
~

200 m
illion diagnoses /year.

~	9 m
illion /year osteoporotic fractures.

O
STEO

PO
RO

SIS EPID
EM

IO
LO

GY
O
STEO

PO
RO

SIS EPID
EM

IO
LO

GY
ITA

LY
A

bout 3.5 m
illion wom

en and 1 m
illion m

en are suffering 
from

 osteoporosis.
25%

 of population >65y is affected.
In subjects aged >50y, fem

oral fractures are >55000/year. 
Since in the next 20 years the population >65 years will 
increase by 25%

, we will have to expect a proportional 
increase in the incidence of osteoporosis.
The lifetim

e risk of experiencing a typical osteoporotic 
fracture affecting the distal wrist, vertebral bodies or 
proxim

al fem
ur is approxim

ately 15%
 for each site and 40%

 
for any site.
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O
STEO

PO
RO

SIS EPID
EM

IO
LO

GY

Vertebral m
orphological alterations have been found in 

>20%
 of subjects aged >65 y of both sexes.

Patients experiencing proxym
alfem

ur fracture show a 15-
30%

 m
ortality rate within one year. 

A
m

ong the elderly, osteoporotic fractures represent a 
m

ajor causes of m
ortality, with an incidence com

parable to 
stroke and breast cancer, and 4 tim

es higher than 
endom

etrial cancer.
Furtherm

ore, 50%
 of wom

en with fem
ur fracture have a 

significant reduction in the level of self-sufficiency and, in 
about 20%

 of cases, require long-term
 full assistance.

M
O
RTA

LITY by O
STEO

PO
RO

SIS

ISTA
T 1999

A
ge (y)

M
en

W
om

en

M
ortality after surgery for 

proxim
al fem

oral fracture 

M
uhm

et al., Eur J Traum
a Em

erg Surg (2013)

ITA
LY

N
°of hospitalization

for fem
ur

fractures: 80.800/year.
D

irect costs
of hospitalization

394.000.000 €
1 m

onth costs
for post-surgicalrehab (5%

 early m
ortality

escluded): 412.000.000 €
Social costs

(stataldisability
insurance for 18.000/year

disabled
patients) 108.000.000 €

Indirect
costs

(20%
 ot

totaldirect costs) 183.000.000 €
Estim

ated total costs of fem
oral fractures: 1.097.000.000 €

A
dapted

from
 «12ª Com

m
issione perm

anente del Senato della Repubblica (Igiene e 
sanità), Sui problem

i socio-sanitari connessi alla patologia osteoporotica» 2003

O
STEO

PO
RO

SIS BU
RD

EN
In term

s of the com
plexity of treatm

ent and poor prognosis, 
the annual facility-related hospital cost of osteoporotic 
fractures is the highest, followed by that of m

yocardial 
infarction and stroke.
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75+ Kyphotic
A

t risk for 
hip fracture.

55+ Postm
enopausal

A
t greater risk for vertebral 
fracture than any other 

type of fracture.

H
ealthy 
spine

Kyphotic 
spine

50 M
enopausal

Experiencing 
vasom

otor 
sym

ptom
s.

O
STEO

PO
RO

SIS EVO
LU

TIO
N
 W

ITH
 A

GEIN
G

O
STEO

PO
RO

SIS CLA
SSIFICA

TIO
N

Prim
itive

–
Postm

enopausal

–
Senile

–
Juvenile

idiopathic

Secondary
(1)


Endocrine diseases

-H
ypogonadism

(prim
itive/secondary)

-H
yperparathyroidism

-H
ypothyroidism

-H
ypercortisolism


Kidney

disease
-H

ypercalciuria
-Renalosteodystrophy
-Pain

reliever
nephropathy

-Tubular
acidosis

-Idiopathic
renallithiasis


Pharm

acologicalcauses
-Corticosteroids
-A

lcohol
-A

lum
inum

-A
nticonvulsants, Lithium

- Chem
otherapy/im

m
unosuppressive

-H
eparin


GI diseases

-Cholestatic
diseases

-M
alabsorption

syndrom
es

(e.g. celiac
disease, IBD

)
-ParenteralN

utrition
-SubtotalGastrectom

y

O
STEO

PO
RO

SIS CLA
SSIFICA

TIO
N


Connective

tissue
disorders

-
A

nkylosing
spondylitis

-
H

om
ocystinuria

-
M

arfan’s
Syndrom

e
-

O
steogenesis

im
perfecta

-
Rheum

atoid
arthritis


O
ther

-
A

m
iloidosis

-
Im

m
obilization

-
M

ultiple Sclerosis
-

Porphyria
-

Low BM
I

-
Idiopathic

scoliosis


O
steom

alacia
-

Vit
D

 deficit/resistance

-
H

ypophosphatem
ia


H
em

atologic/infectious
causes

-
M

astocytosis
-

M
yelom

a, leukem
ia, lym

phom
a

-
Gaucher’s

D
isease

-
A

ID
S

-
H

em
ochrom

atosis
-

Thalassem
ia

Secondary
(2)

O
STEO

PO
RO

SIS CLA
SSIFICA

TIO
N
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PH
YSIO

PA
TH

O
LO

GIC 
M

ECH
A
N
ISM

S O
F 

O
STEO

PO
RO

SIS

BO
N
E TYPES

BO
N
E H

ISTO
LO

GY

•
80%

 of totalskeletal
m

ass
•

Porosity
<15%

•
Structuralfunction
–

Protection
–

Locom
otion

CO
RTICA

L

•
20%

 of totalskeletalm
ass

•
Porosity

~30-90%
•

M
etabolic

function
–

H
igh contact

surface
–

6-8 higher
m

etabolic
turnover 

com
pared

to corticalbone

TRA
BECU

LA
R (or cancellous)

Consisting of dense 
and well-organized 
lam

ellae has higher 
strength but a lower 
capacity to withstand 
a load that exceeds 
the elastic 
deform

ation range.

Com
posed of unparallel

lam
ellar units with 

variable porosity 
(50%

–90%
).

H
igh m

etabolic rate.

O
verview

of osteoporosis: pathophysiology
and determ

inants
of bone strength

Bono and Einhorn. Eur
Spine J.  2003; 12(2): S90 -

S96

Key
pathologicalfeature: N

ote the greater
quantity

of 
norm

albone, as
wellas

its
greater

interconnectivity, 
com

pared
to osteoporotic

bone.

Young norm
al

O
steoporotic
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Structural features:
•M

acro-architecture

•Geom
etry

•M
icro-architecture

•Trabecular connectivity 

•Cortical thickness / 
porosity

M
aterialproperties:

•M
ineralization

•Collagen

•M
icro-injuries/m

icro-
fractures

BO
N
E STREN

GH
T

Chesnut
et al.  JBM

R 2001; 16:  2163-72

Sam
e m

ass, different resistance to a load 
application

depending on the quality of bone 
architecture…

Bono
and Einhorn. Eur Spine J.  2003

...and connectivity
TRA

BECU
LA

E STRU
CTU

RA
L RO

LE

16 X
1

B
e
ll e

t
 a

l. C
a
lc

if
ie

d
 T

is
s
u
e
 R

e
s
e
a
r
c
h
 1

: 7
5

-
8

6
, 1

9
6

7

Resistance to com
pression of interconnected 

and disconnected trabeculae
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Structuralintegrity
is

im
portant

for resistance
to deform

ation. This
is

represented
by the network of horizontalpegs, which

are at
higher

risk 
of losing

connectivity. 
This

picture shows what
happens

when
peg

structures
disappears. 

Resistance
to deform

ation
of a given

bone structure
is

lowering
with the 

squared
lenght

of the continuous
verticalstructure. Therefore, 

preserving
the network is

needed
for preserving

the overallstructure
strenght.

M
ICRO

A
RCH

ITECTU
RE STRU

CTU
RA

L RO
LE

M
odifications of m

icro-architecture 
one year after m

enopause

Trabeculae
num

ber

-13.5*

13.1*

86.2*

-20.3*
Trabecular

Bone Volum
e

D
ufresne TE, et al. Calcif Tis Int. 2003; 73(5):423-32 

Cortical
Porosity

Trabeculae
Separation

-40

-20 0 20 40 60 80

100

% variation from baseline

-3.3*

BM
D

*p<0.05 vs
basal

Structural features:
•M

acro-architecture

•Geom
etry

•M
icro-architecture

•Trabecular connectivity 

•Cortical thickness / 
porosity

M
aterialproperties:

•M
ineralization

•Collagen

•M
icro-injuries/m

icro-
fractures

BO
N
E STREN

GH
T

Chesnut
et al.  JBM

R 2001; 16:  2163-72

Bone M
ineral D

ensity
(BM

D
)

T
u
r
n
e
r
 C

H
. O

s
t
e
o
p
o
r
o
s
 I

n
t
 2

0
0

2
;1

3
:9

7
-
1
0

4

S
e
e
m

a
n
 E

. O
s
t
e
o
p
o
r
o
s
 I

n
t
 2

0
0

3
;1

4
 (s

u
p
p
 4

)  S
3

x
x

x

Strenght

H
yper-m

ineralization 
(loss of elasticity)
e.g. osteopetrosis

O
ptim

um
 –

Physiologic Elasticity

H
ypo-m

ineralization 
(loss of support capacity)
e.g. osteom

alacia

D
eform

ation

fall

pressurefall

pressure
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Bone fibers

BO
N
E M

ICRO
STRU

CTU
RE:

Thight
relation between

m
ineralcom

ponent and collagen

Collagene

M
ineral

H
ydroxyapatite 

crystals
L
a
n
d
is

 e
t
 a

l, 1
9

9
6

Bone
is

a
com

posite
structure,consisting

of
type

I
collagen

and
a

m
ineral

com
ponent,m

ainly
in

the
form

of
hydroxyapatite

crystals.
D

ifferences
in

the
am

ount
of

collagen
or

in
the

type
of

interconnections,
as

wellas
the

am
ount

of
m

ineralor
the

size
and

shape
of

the
crystals,all

contribute
to

bone
strength.

The organic
m

atrix
(e.g., collagen

and 
noncollagenous
proteins) is thought 
to control bone 
ductility and its 
capacity to 
withstand an im

pact 
without cracking. 

M
ECH

A
N
IC PRO

PERTIES
The

m
ineral-collagen

layer
is

the
sm

allest
block

unit
within

the
bone

building
structure.

It
is

well
conserved

am
ong

different
types

of
bone

tissue
and

between
the

different
species.

67 nm

1,5 nm

Calcium
-phosphate

particles
2 –

4 nm
 

thick

Triple elix
collagen

m
olecules

300 nm
 long

crosslinks

W
J

 L
a
n
d
is

 e
t
 a

l., M
ic

r
. R

e
s
. T

e
c
h
., 1

9
9

6
 

Im
pairm

ents of 
m
ineralization and collagene

Courtesy of  D
r. Papapoulos

O
steom

alacia= deficit 
in m

ineralization
O

steogenesis
im

perfecta
= 

deficit of collagene synthesis

Structural features:
•
M

acro-architecture

•Geom
etry

•
M

icro-architecture

•Trabecular connectivity 

•Cortical thickness / porosity

M
aterialproperties:

•M
ineralization

•Collagen

•M
icro-injuries/m

icro-fractures

BO
N
E STREN

GH
T

Chesnutet al.  JBM
R 2001; 16:  2163-72

Bone Turnover (Rem
odeling)
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BO
N
E 

RESO
RPTIO

N

BO
N
E 

FO
RM

A
TIO

N

A
 com

plete cycle
takes about

100-200 days.
Th e skeleton is

com
pletely

renewed
every

8-10 years.

BO
N
E TU

RN
O
VER (REM

O
D
ELIN

G)
A

bout 10%
 of an adult skeleton is renewed every year due to 

the continuous succession of 2 opposing, closely related 
processes.

BO
N
E D

YN
A
M

ICS

Bone is a com
plex organ 

including cells responsible for 
the continuous rem

odeling 
process.
The m

ineralized bone is 
reabsorbed by osteoclasts
(freeing calcium

 and 
phosphate) and is form

ed by 
osteoblasts

(depositing 
calcium

 and phosphate).
Bone rem

odeling
is

necessary
for Ca++ hom

eostasis, and is
regulated

by horm
ones, 

growth
factors

and cytokines. 

•O
steoclasts

resorb
bone. H

em
atopoietic

origin. 
Preostecolasts

differentiation
is

induced
by RA

N
KL-RA

N
K 

binding. Preosteclasts
fuse to form

m
ultinuclear

osteoclasts.
•

O
steoblasts

synthesize
new bone m

atrix. M
esenchim

al
origin. Secrete RA

N
KL.

•Lining
cells, flatten

m
ature osteoblasts

distributed
on 

bone surface.
•O

steocytes
are m

ature osteoblasts
trapped

in the m
atrix, 

equipped
wiith

dendritic
extensions

creating
a network of 

com
m

unication
m

ediated
by gap-junctions

(lacuno-
canalicular

network) BO
N
E CELLS

M
odeling processes take place in lacunae 

on the bone surfaces
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Bone rem
odeling involves the rem

oval of m
ineralized 

bone by osteoclasts, followed by the form
ation and 

subsequent m
ineralization of bone m

atrix by 
osteoblasts. 

Initiation
starts with recruitm

ent of hem
atopoietic 

precursors and their differentiation to osteoclasts, 
induced by osteoblast lineage cells that express 
osteoclastogenic

ligands such as receptor activator of 
nuclear factor-κB

ligand (RA
N

KL). O
steoclasts becom

e 
m

ultinucleated and resorb bone. 

BO
N
E REM

O
D
ELIN

G
Transition

is m
arked by switching from

 bone resorption to 
form

ation via coupling factors, which can stim
ulate 

osteoblast recruitm
ent, differentiation, and/or activity. 

These signals include:
(1)bone resorption–derived signals, m

ost typically com
prising 

growth factors that were em
bedded in bone m

atrix and 
becom

e released upon osteoclastic
bone resorption (e.g., 

TGF-β, BM
Ps, IGFs, PD

GF); 
(2)soluble signals either or not osteoclast-derived (e.g., 

horm
ones and diffusible growth factors, such as BM

P-6, 
S1P, and W

nt10b);
(3)m

em
brane-bound m

olecules (e.g., ephrins, sem
aphorins). 

D
uring the term

ination
phase, the resorbed lacuna is refilled 

through bone form
ation by osteoblasts that later flatten to 

form
 a layer of lining cells on the bone surface or becom

e 
osteocytes connected by canaliculi within the bone.

BO
N
E REM

O
D
ELIN

G

BO
N
E REM

O
D
ELIN

G 
Basic m

ulticellular
unit

(BM
U
)
or

bone rem
odeling

unit
(BRU

)
In adults

1000000 active
BM

U
 at

any
m

om
ent. 

A
ctive O

steoclasts

apoptosis

Active osteoclast

N
eoform

ation
(3 m

onths)

Reabsorption
(2 weeks)

Q
uiescent

phase

Lining
cell(inactive

osteoblasts)

Reversal Phase

A
ctive O

steoblasts

The osteoblast derives from
 m

esenchym
al stem

 cells. It is responsible for 
the differentiation of a m

onocyte precursor to a pre-osteclast.
PTH

regulates osteoblast secretion of M
-CSF

(m
acrophage-colony 

stim
ulating factor) as well as cytokine for which m

onocytes have a specific 
receptor, prom

oting the differentiation of m
onocyte precursors into 

osteoclasts.
In particular, RA

N
K-Ligand, a protein expressed on osteoblasts and 

activated by T lym
phocytes, binds to RA

N
K

(activating N
F-kB receptor), 

present on osteoclasts and on all cells of the m
onocytic

line leading to the 
transduction of a direct signal to the N

F-kB (nuclear transcription factor 
regulating the production of m

any pro-inflam
m

atory cytokines) which, in 
turn, induces the differentiation, developm

ent and activation of 
osteoclasts. Subsequently, the union of several osteoclasts form

s an 
active m

ultinucleated giant cell, which causes resorption and loss of bone.

To interrupt this circuit it is necessary to block the interaction of the 
RA

N
KL with the RA

N
K through the O

steoprotegerin
(O

PG), which is 
produced by the osteoblasts them

selves.
The interaction between RA

N
K-RA

N
KL and O

PG is believed to be crucial 
in regulating bone resorption. 

O
STEO

BLA
ST-O

STEO
CLA

ST M
U
TU

A
L M

O
D
U
LA

TIO
N
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O
steoblast/

strom
alcell

1,25(O
H
)2 D

3 , PTH
, PGE

2 , 
IL-1, IL-6, IL-7, IL-
11, IL-17, TN

F-
, 

D
exam

ethasone

RA
N
KL

TGF-


17b-Estradiol

O
PG

RA
N
KL

RA
N
K

IFN
-


O
steoclast

progenitor
M

ononucleated
O
steoclast

Proliferation
and 

differentiation

Fusion 

A
ctivation

O
steoclast

Polarized
osteoclast

T lym
phocyte

O
PG= osteoprotegerin

is
a soluble

receptor
for RA

N
K-L, inhibits

osteoclastogenesis
and bone resorption.

RA
N
K-L= cytokine

binding
on 

osteoclast
receptors, stim

ulating
their

differentiation, activation, 
and prolonging

its
life.

RA
N
K= RA

N
K-L receptor

expressed
on m

onocyte
precursors, preosteoclasts

and 
osteoclasts. 

Glucocorticoids
increase bone resorption and decrease 

osteosynthesis.

Thyroid horm
ones have a catabolic effect, increase 

collagen degradation and stim
ulate bone resorption leading 

to a reduction in total bone m
ass, as confirm

ed by the 
incidence of osteoporosis in hyperthyroid patients.

The som
atotropic

horm
one (GH

) acts directly on the 
intestinal absorption of Ca2+ and on the m

ineralization of 
the m

atrix determ
ining an increase in skeletal m

ass.

Estrogens and androgens inhibit bone resorption and 
increase intestinal absorption of Ca2+, the synthesis of 
vitam

in D
3 and the secretion of calcitonin.

H
O
RM

O
N
E REGU

LA
TIO

N
 O

F BO
N
E REM

O
D
ELIN

G

osteoclast

osteoblast

N
O

RM
A

L
N

EGA
TIVE BA

LA
N

CE
TRA

BECU
LA

R 
PERFO

RA
TIO

N

BO
N
E BA

LA
N
CE

The aging process in osteoporotic bone would lead to overaccum
ulation

of PPi, 
A

GEs, and nonenzym
atic

crosslinking of collagen, which disturb the norm
al 

organization of bone m
aterial. W

ith the increase of bone resorption and low rate 
osteogenesis, the osteocyte lacunae reduction leads to decreased trabecular 
thickness and m

ore porous cortical bone. 

X
ie

et al., 2019
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Im
balance between bone form

ation and 
resorption leads to trabecular thinning 

and eventual loss of connectivity

M
o
s
e
k
ild

e
 L

. B
o
n
e
 M

in
e
r
 1

9
9

0

Trabecular perforation
could reduce the resistance of the trabecular bone, 

predisposing to bone fragility.

D
em

pster
and Lindsay ,1993

Trabecular perforations

H
ow can rem

odeling predispose to bone 
fragility?

Rest

P
a
r
f
it

t
A

M
,  1

9
9

1

Rest
Rem

odeling site

The resorption cavities are weak points on the surface of the 
trabeculae

increase
the proability

of breakages

P
a
r
f
it

t
A

M
,  1

9
9

1

H
ow can rem

odeling predispose to bone 
fragility?
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REM
O
D
ELIN

G IN
CREA

SES IN
 

M
EN

O
PA

U
SE A

N
D
 IN

 O
STEPO

RO
SIS

Frequency of activation / year

0,0 0,2

0,4

0,6

0,8

1,0

1,2

Pre-
m
enopause

1y
post-m

enopause

1-3 y
post-m

enopauseO
steoporosis

R
ecker et al. JB

M
R

, 2003

Frequency
of activation

of BRU
 in hum

an iliac
crest

biopsies

Pathophysiology of senile osteoporosis
Low

vitam
in

D

Low calcium
 intake

Progressive renal 
dysfunction


25(O

H
)D

3


1,25(O

H
)2 D

3


Ca++ absorption

H
ypocalcem

ia


Bone rem

odelling


Bone loss


Fragility fractures

IL-1, TN
F-a

IL-6 + M
-CSFO

Cs recruitm
ent 

& activityBone resorption

Bone loss

O
PG

, TGF-β
Ca 

absorption
Ca 

reabsorption

N
egative 

Ca balance

Estrogen
deficiency

Pathophysiology
of m

enopausal
osteoporosis


In recent years we begun to 

understand that osteoporosis is a 
disease characterized by im

paired bone 
strength, rather than just a reduction in 

bone m
ass.


It is clear today that bone quality

is 
involved at least as m

uch as its quantity
in determ

ining bone strength.
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O
STEPO

RO
TIC FRA

CTU
RE 

RISK FA
CTO

RS
Clinical

m
anagem

ent of osteoporosis

�
Fem

ur
fracture

�
W

rist
fracture

�
Vertebral

fracture
�

Changes in body shape and its consequences:


Kyphosis


H
eight

reduction


A
bdom

en
protrusion


Reduced

lung
capacity


Reflux

esophagitis

tartrate-resistant
acid phosphatase

(trap)

A
lkaline

phosphatase/ 

Bone isoenzym
e

O
STEO

BLA
S
TSO

STEO
ID

M
A
T
RIX

O
STEO

CLA
STS

FO
RM

A
TIO

N
RESO

RPTIO
N

Calcium
H
ydroxyproline

U
rine

C-telopeptides
of type 

I collagen 
(CRO

SSLA
PS) (serum

and urine)

O
steocalcin

Procollagen
type

I 
carboxy-term

inal 
propeptide
(serum

)

Pyridolinic
CRO

SSLIN
KS 

(urine)

M
A
RKERS O

F BO
N
E TU

RN
O
VER

N
Tx= N

-term
inal telopeptide

; CTx: C-term
inal telopeptide

Pyr= pyridolin; D
pd: desoxypyridolin
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Bone
turnover

m
arkers

have
an

excellent
ability

both
to

predict
the

risk
of

fx,and
to

quickly
evaluate

response
and

com
pliance

with
therapy.

Q
U
A
N
TIFICA

TIO
N
 O

F BO
N
E M

IN
ERA

L 
D
EN

SITY by BO
N
E D

EN
SITO

M
ETRY

Q
U
A
N
TIFICA

TIO
N
 O

F BO
N
E M

IN
ERA

L 
D
EN

SITY by BO
N
E D

EN
SITO

M
ETRY

D
ual energy X

-ray absorptiom
etry (D

EX
A

)

Standard Clinical
A
ssessem

ent
of BM

D

BM
C

A
rea

(gram
s)

(cm
2)

BM
D

 (g/cm
2)

=

BM
D

: bone m
ineral density

BM
C: bone m

ineral content
In the adult, the diagnosis is m

ade by the T-score, i.e. by 
assessing how m

uch the value under exam
ination differs 

from
 that of the reference sam

ple (healthy subjects of 
the sam

e sex and age ranging 25-30 years, i.e. exam
ined in 

the m
om

ent when peak bone m
ass is reached). 

In m
ore precise term

s, the T-score is the difference, 
expressed in num

ber of "standard deviations", between the 
observed individual value and the average value of the 

healthy reference population. 
T-score values between +1 and -1 indicate norm

al bone 
m

ineralization. 

A
ccording to the W

H
O

 criteria :
-

osteopenia
T-score < -1,  

-
osteoporosis

T-score < -2.5

T-score -
diagnosis
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A
ge (years)

BM
D

+ 2 SD
+ 1 SD

M
EA

N

-1 SD
-2 SD

Z-score = -1

T-score = -3

B
M

D
 (patient) -B

M
D

 (reference population)
T-score =

SD

T-
and Z-score calculation

T-score: the reference population is represented by healthy subjects aged 30y of 
the sam

e sex. Expresses the difference between the densitom
etric

value of the 
patient and the m

ean theoretical value (peak bone m
ass).

Z-score: the reference population is represented by norm
al subjects of the sam

e 
sex and age. It expresses the difference between the densitom

etric
value 

m
easured in the patient and the theoretical m

ean m
atched for sex and age.

Suppose we m
easure the BM

D
 in 50000 wom

en in the given 
group with the D

EX
A

. W
e can calculate the average of 

these m
easurem

ents and suppose that this value is equal to 
300 g / cm

3. W
e can also calculate the standard deviation 

and assum
e that this is equal to 40. Statistic tells us that 

approxim
ately 15.9%

 of the sam
ple, or 7935 wom

en, will 
have BM

D
 lower than average -

SD
, that is 300 -

40 = 260 g 
/ cm

3, and that as m
any of them

 will have values above the 
average + SD

, 340 g / cm
3. Reasoning in the opposite 

direction we can say that if a wom
an has a BM

D
 by D

EX
A

 
equal to 260 g / cm

3, then her T-score will be -1. W
e can 

also say that a wom
an having a BM

D
 of 220 g / cm

3 will have 
a T-score of -2, because in this case it is equal to m

ean –
2xSD

.

�0
10

20
30

40
50

60
70

80
90

Years

Form
ation

Resorption

Growth
M

axim
um

 
developm

ent
Bone loss

Bone mass

M
ales

Fem
ales

BO
N
E M

A
SS and A

GE
W

H
O
 Criteria


T-score

cut-off
was

set
at

-2.5
because

it
defined

a
%

of
patients

sim
ilar

to
the

«life
tim

e
risk»

of
fracture

of
50yo

m
enopausalwom

en,which
is

40%
.


These

cut-off
were

only
calculated

on
the

fem
ale

population
and

on
the

fem
ur

bone.


There

are
no

evidences
for

the
applicability

of
the

sam
e

cut-off
also

to
the

m
ale

population.
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Genant
sem

iquantitative
m
ethod

for 
diagnosis

of osteoporotic
vertebral

fracture
A
N
TERIO

R
M

ID
D
LE

PO
STERIO

R

M
ILD

(20-25%
)

M
O
D
ERA

TE
(26-40%

)

SEVERE
(>40%

)

N
O
RM

A
L

CO
M

PRESSIO
N

VERTEBRA
L M

O
RPH

O
M

ETRY
m
orphom

etric
x-ray

radiography

Im
age is taken on the entire 

colum
n (T4-L4) in less than 10 

seconds and with a dose 
equivalent to 1%

 of the dose 
(<10

Sv) used in norm
al 

radiographic plates.

A
nterior

wedge
Biconcave fracture
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TH
ERA

PY

PILLA
RS O

F BO
N

E 
H

O
M

EO
STA

SIS

A
lkalis

Calcium

VitD
3

PILLA
RS O

F BO
N

E 
H

O
M

EO
STA

SIS

A
lkalis

Calcium

VitD
3

D
ETERM

IN
A
N
TS O

F BO
N
E M

A
SS

0
10

20
30

40
50

60
70

80
Years

Bone mass 
(arbitrary units)

Inheritance
Physicalactivity

Calcium
intake

Structuraldefects

A
dequate

Inadequate
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N
utrition

Physical
activity

Sex steroids

Genetic

Bone m
ass peak

D
ETERM

IN
A
N
TS O

F BO
N
E 

M
A
SS PEA

K
N

utrition is one of the m
ost im

portant m
odifiable factors in 

the developm
ent and m

aintenance of bone m
ass and in the 

prevention and treatm
ent of osteoporosis.

500 m
g

500 m
g

500 m
g

300 m
g

8000 mg

7800 mg

EX
TRA

-
CELLU

LA
R 

CA
LCIU

M

N
O
RM

A
L CA

LCIU
M

 BA
LA

N
CE

Calcium
in the 

diet
1000 m

g

Calcium
in the 

feces
800 m

g
Calcium

in 
urine 200 m

g

Recom
m
ended calcium

 intake based on 
different ages and conditions

“RECO
M

M
EN

D
ED

 
D
IETA

RY A
LLO

W
A
N
CES” 

(RD
A
)

N
a
t
io
n
a
l 
R
e
s
e
a
r
c
h
 
C
o
u
n
c
il

U
.S.A

. (1989)

“REFEREN
CE N

U
T
RIEN

T
 

IN
T
A
KE” (RN

I)
D
e
p
a
r
t
m
e
n
t
 
o
f
 
H
e
a
lt
h

U
K (1991)

“A
D
EQ

U
A
T
E IN

TA
KE” 

(A
I)

I
n
s
t
it
u
t
e
 
o
f
 
M

e
d
ic
in
e

U
.S.A

. (1997)

A
ge

(years)
Calcium
(m

g/die)
Calcium
(m

g/die)
Calcium
(m

g/die)

0-10
400-800

350-550
210-800

11-24
1200

700-1000
1000-1300

25-50
800

700
1000-1200

> 50
1500

700
1200

Pregnancy
1200

N
o increm

ent
1000-1300

Breast 
feeding

1200
+ 550

1000-1300

100
g

di
prodotto

CA
LCIU

M
 

(m
g)

CA
LO

RIES 
(Kcal)

CH
O
LES

TERO
L 

(m
g)

SO
D
IU

M
 

(m
g)

Latte intero
1 19

62
14

50
Latte parzialm

ente 
screm

ato
120

50
8

53

Latte screm
ato

122
37

2
52

Yogurt (latte intero)
121

61
13

46
M

ozzarella
484

264
72

350
Fontina

928
362

108
514

Parm
igiano

1108
366

62
1498

Provolone
706

330
66

818
Ricotta

194
162

46
80

Pecorino rom
ano

990
362

96
1122

Briè
172

314
66

586
Groviera

946
386

102
314

Fiocchi di latte
73

104
12,8

380

CA
LCIU

M
, CH

O
LESTERO

L A
N
D
 SO

D
IU

M
 A

M
O
U
N
TS IN

 
M

ILK A
N
D
 D

ERIVED
 FO

O
D
S
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D
aily

Calcium
Intake

 ; <400 m
g; 

28%

 ; 400-800 
m
g; 60%

 ; > 800 m
g; 

12%

<400 m
g

400-800 m
g

> 800 m
g

GU
T Calcium

absorption

+ + +     
+ + + +  

---
-----

Vitam
in

D

Estrogen

Physical
activity

A
ge

Sm
oke

A
lcoholics

Tea, Coffee
Som

e foods
Cortisone

A
ntiacids-PPIs

D
ETERM

IN
A
N
TS O

F CA
LCIU

M
 

A
BSO

RPTIO
N

A
levizaki

CC. et al. J N
ucl

M
ed. 

A
GE IM

PA
CT on CA

LCIU
M

 
A
BSO

RPTIO
N

Relationship 
between 
coefficient of 
intestinal 
absorption of 
calcium

 and age in 
norm

al m
ale and 

fem
ale sublects.

PILLA
RS O

F BO
N

E 
H

O
M

EO
STA

SIS

A
lkalis

Calcium

VitD
3
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Evolution
of hum

an diet

Little m
eat

A
 lot

of fruits
and vegetables

Frequent
escapes

from
 predators

A
 lot of m

eat

Little vegetables and fruits

Frequent rest in an arm
chair

M
ean

rate of fem
oral

neck
bone 

loss
by ratio of anim

al
to vegetable

protein
intake

-0,23

-0,5

-0,77

-1,25 -1

-0,75

-0,5

-0,25 0
LO

W
M

ED
IU

M
H

IGH

Bone loss (%/year)

*

*
*

P = 0.02

C
a

2+

N
a

2+
K

+
H

+

M
echanism

by which
H
+ leads

to release of bone calcium
and are buffered

by the bone m
ineralduring

m
etabolic

acidosis

K
riegerN

S.CurrO
pin

N
ephrolH

yperten. 2004

STIM
U

LATED

H
+

H
+

H
+

H
+

H
+

H
+H

+H
+

H
+

H
+H

+
H

+

C
O

3 2-H
PO

3 -SU
PPRES

SED

H
+

H
+

H
+

H
+

H
+

H
+

H
+H

+ H
+

H
+H

+ H
+ H

+H
+ H

+

H
+H

+ H
+

H
+H

+ H
+

H
+H

+ H
+

C
a

2+

C
a

2+

C
a

2+

C
a

2+

bone base helps 
neutralize part of the 
dietary net acid load

M
agnesium

role
in bone 

m
etabolism

Rude RK. et al. Calcif. Tissue
Int. 2003;72: 32-4

RA
T

Ryder KM
. J A

m
 Geriatr

Soc.  2005;53:1875-80

H
U

M
A

N
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PILLA
RS O

F BO
N
E 

H
O
M

EO
STA

SIS

A
lkalis

Calcium

VitD
3

H
ilger et al., Br J N

utr (2014)

O
verview of published 25-hydroxyvitam

in D
 m

ean / m
edian values by countries

Vitam
in

D
 levels

in the world
70%

 of the Italian population is below the m
inim

um
 levels of vitam

in D
 in the blood. 

For hospitalized people the percentage rises up to 100%
. Scandinavian citizens, 

despite not having m
uch sun, have higher levels of vitam

in D
 thanks to the of 

vitam
in D

 supplem
entation in popular foods.

Prevalence
of H

ypovitam
inosis

D
 in 

Italian
postm

enopausal
wom

en
seasonal

factor

40-50 
years

51-60 
years

61-70 
years

> 70 
years

D
e
c
/
M

a
y

35. 7 %
36.2 %

 
37.5 %

51.2 %

J
u
n
/
N
o
v

12.0 %
9.6 %

14.9 %
16.7 %

Bettica P et al. O
steoporos Int 1999

0 10 20 30 40 50 60 70 80 90

100

W
inter m

onths
N

on-winter m
onths

% with vitD deficiency

H
om

e
Institutes

0 10 20 30 40 50 60 70 80 90

100

Prevalence (%) 
in february-march

Prevalence
of H

ypovitam
inosis

D
 in 

Italian
elderly

population

Rossini et al, ItJ M
in

ElectM
etab, 1990

Isaia et al, O
steoporos

Int, 2003
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H
ypovitam

inosis
D

Vitam
in

D
 status

Circulating
Concentration

25(O
H
)D

N
O

RM
A

L
≥75 nm

ol/L
(≥30 ng/m

l)

SU
BO

PTIM
A

L
30-75 nm

ol/L
(12-30 ng/m

l)

D
EFICIEN

T
< 30 nm

ol/L
(12 ng/m

l)

Early
description

of rickets
17th century: first descriptions of children suffering from

 a 
disease causing growth retardation, widening of the epiphyses 
of long bones, deform

ity of the lower lim
bs, scoliosis, "lum

py" 
rib cage, weakness and reduction in m

uscle tone.

H
olick, M

. F. J. Clin. Invest. 2006;116:2062-2072

Increased risk for:

H
ypovitam

inosis D


Rickets

/ osteoporosis


falls
(reduced

m
uscle

strength)


neoplasm
s

(e.g. colon cancer)


type
I diabetes


cardiovascular

disease
/ hypertension


tooth

loss


autoim
m

une diseases
(system

ic
lupus 

erythem
atosus, m

ultiple sclerosis)

VITA
M

IN
 D

 in FO
O
D
S

A
lim

ent
U
.I. Vit D

/100g
Fresh Salm

on
Cod liver oil
Eggs
Cow m

ilk
H

um
an m

ilk
Em

m
enthalcheese

Butter

650

8500

200

0.5-4
0.4-9.7

100

40

Vitam
in D

 is m
ostly available in anim

al fat.
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80%
 of the 

vitam
in D

 
requirem

ent is 
guaranteed by 
solar 
radiation.

VITA
M

IN
 D

 and SU
N
LIGH

T EX
PO

SU
RE

A
CTIVE 

M
ETA

BO
LITE



25/ 03/202131

VITA
M

IN
 D

 level after whole body 
exposure to U

V rays 
(m

inim
um

 dosage causing erythem
a)

Young

Elderly

Vitamin D (nmol/L)

days

Fractures
RR vs. placebo or 

calcium
(reduction)

95%
 CI

N
N

T

Fem
ur

0.74 (26%
)

0.61 –
0.88

45

N
on-vertebral

0.77 (23%
)

0.68 –
0.87

27

R
R

 =
 R

e
la

t
iv

R
is

k

9
5

%
 C

I
 =

 9
5

 %
 C

o
n
f
id

e
n
c
e

I
n
t
e
r
v
a
l

N
N

T
 =

 N
u
m

b
e
r

N
e
e
d
e
d

t
o
 T

r
e
a
t

(n
u
m

b
e
r

o
f
 p

a
t
ie

n
t
s

t
o
 b

e
 t

r
e
a
t
e
d

t
o
 p

r
e
v
e
n
t

1
 

e
v
e
n
t
)

Reduction of the relative risk of fracture in 
patients treated with cholecalciferol (700-800 IU

 
/ day) com

pared to groups treated with placebo or with Calcium

PH
A
RM

A
CO

LO
GIC TH

ERA
PH

Y
Bisphosphonate

D
erivatives of inorganic 
pyrophosphate (PPi), 

byproducts of m
ultiple 

m
etabolic processes in 

m
any tissues, able to bind 

hydroxyapatite crystals.

Bisphosphonates
m
echanism

of action
3°

BPs are internalized in the 
osteoclast, altering its functionality 
and prom

oting apoptosisInactive
BPs

trapped
within

bone m
atrix

A
ctive BPs

1. BPs
bind

to hydroxyapatite, 
diffuse and accum

ulate into
the bone

2. BPs are released locally 
during bone resorption
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N
on nitrogen-containing

N
itrogen-containing, 

alkyl

H
O

O O=

=PP

O
HO
H

O
H O
H

CH
3

Etidronate

Cl

O O=

=PP

O
HO
H

O
H O
H

Cl

Clodronate

H
O

N
O O=

=PP

O
HO
H

O
H O
H

Risedronate

H
O

N
N

O O=

=PP

O
HO
H

O
H O
H

Zoledronate
H

O

CH
3

N

O O=

=PP

O
HO
H

O
H O
H

Ibandronate

H2 N

O O=

=PP

O
HO
H

O
H O
H

H
O

A
lendronate

H
O

H2 N

O O=

=PP

O
HO
H

O
H O
H

Pam
idronate

N
itrogen-containing, 

heterocyclic

D
ifferent structure = different 

m
echanism

 of action
BPs chem

ical properties 
determ

ining the anti-resorption 
activity

A
ffinity for 

bone m
atrix

Intracellular 
action

Russel RG. et al. O
steoporosis Int. 2008;19:733–59

H
igh or Low bone affinity

Theoretical clinical im
plications

•
Since the trabecular bone is characterized by a 
high turnover (6-8 tim

es higher than the cortical 
bone), it is conceivable that the BPs with higher 
affinity for H

A
P are concentrated m

ainly at the 
level of the bone sites characterized by a high 
content of trabecular bone (e.g.: spine).

M
asarachia et al. Bone 1996; Russel et al. A

nn N
 Y A

cad Sci. 2007;1117:209-57

The different distribution 
could influence the 

effectiveness of BPs in 
different bone sites

0 5 10 15 20

1 year
2 years

3 years

Black D
M

 et al. Lancet. 1996;348:1535-1541

Incidence of 
morphometric 

Vertebral Fractures (%)

A
lendronate
Placebo-

47%
p< 0.001

A
lendronate: Cum

ulative N
ew VertebralFx

Incidence
–

The FIT Study

-
62%

p< 0.001



25/ 03/2021

33

0 2 4 6 8 10 12 14

Harris et al.
Reginster et al.

Placebo
Risedronate

-65%
-61 %

Patientrs with new vertebral Fx (%)

VERT-NA
VERT-M

N

p = 0.001
p < 0.001

Risedronate: Cum
ulative 1-Year N

ew Vertebral
Fx

Incidence
–

The VERT Studies

Chesnut
III CH

 e
t
 a

l. J Bone M
iner Res 2004

0 2 4 6 8 10 12

1
2

3

PLB, n = 975

IBN
 daily, n = 977

IBN
 interm

ittent, n =
977

Year

Ibandronate: Cum
ulative N

ew VertebralFx
Incidence

–
The BO

N
E Study

Incidence of Morphometric 
Vertebral Fractures (%)

P=N
S

-52%-50%

-61%

-56%

P < 0.001
P < 0.001

Zoledronate: Cum
ulative N

ew VertebralFx
Incidence

–
The H

O
RIZO

N
 Study

0 2 4 6 8 10 12 14

0 - 1
0 - 2

0 - 3

Placebo

Zoledronate

RR 0.40

P < 0.001

RR 0.29

P < 0.001

RR 0.30

P < 0.001

Patientrs with new vertebral Fx (%)

Black D
M

, N
 Engl J M

ed 2007


A
cute phase

response


U
pper

GI (gastritis, esophagitis)


Rash


Iritis


Renal

im
pairm

ent


Jaw

osteonecrosis

Bisphosphonate A
dverse Events
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BP-associated osteonecrosis 
of the jaws

1
10

20

30

Ser
Val

Ser
Glu

Ile
Gln

Leu
M

et
H
is

A
sn

Leu
Gly

Lys
H
is

Leu
A
sn

Ser
M

et
Glu

A
rg

Val
Glu

Trp
Leu

A
rg

Lys
Lys

Leu
Gln

A
sp

Val
H
is

A
sn

Phe

50

40

60
70

80
-CO

O
H

H
2 N

-

Proc N
atl A

cad S
ci U

S
A

 1974;71:384-388

Teriparatide
Teriparatide

is a recom
binant peptide containing the 

first 34 am
ino acids that represent the biologically 

active sequence of the hum
an parathyroid horm

one

Continuous


RA

N
KL


O
PG


osteoclasts


Bon e resorption


Serum

 Ca
++

O
nce/die bursts


a poptosis

osteoblasts
Bone 
lining 
cells


c bfa1 

(pre-O
B)


num

ber/function osteoblasts


Bon e form

ation


Bone M

ass/strenght

PTH
paradox

D
obnig and Turner. Endocrinology 1995;        H

ock. M
usculoskel N

euron Interact 2001;        Jilka. J Clin Invest 1999;        M
a. 

Endocrinology 2001

D
rugs

effect
on m

arkers
of bone 

turnover
D

rug
Tim

e for plateau
Variation

H
orm

one
Replacem

ent
Theraphy

3-6 m
onths

(resorption)


50-60%

A
lendronate

3 m
onths

(resorption)


70%

Risedronate
3-6 m

onths
(resorption)


60%

Ibandronate
3-6 m

onths
(resorption)


65%

Raloxifene
3-6 m

onths
(resorption)


30-40%

Teriparatide
3 m

onths
(resorption)

1 m
onth

(form
ation)


20%


55%

Strontium
ranelate

3 m
onths

(resorption)
3 m

onth
(form

ation)


~10%


~
10%

A
d
a
p
t
e
d

f
r
o
m

: B
r
io

t
K

. e
t
 a

l. B
e
s
t
 P

r
a
c
t

R
e
s
 C

lin
R

h
e
u
m

a
t
o
l. 2

0
0

5
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D
enosum

ab

D
enosum

ab
acts by form

ing im
m

une com
plexes with RA

N
K-L, a protein 

that acts as a prim
ary signal in prom

oting bone rem
oval by binding to the 

RA
N

K receptor. 

D
enosum

ab

In a num
ber of 

conditions featured 
by bone loss, an 
im

balance exists 
between the RA

N
KL 

(osteoclastic
activator) which is 
increased, and the 

O
PG or 

O
steoprotegerin
(osteoclastic

inhibitor).
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