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Thalidomide was a widely used drug in the late 1950s and early
1960s for the treatment of nausea in pregnant women. It became
apparent in the 1960s that thalidomide treatment resulted in
severe birth defects in thousands of children. Though the use of
thalidomide was banned in most countries at that time,
thalidomide proved to be a useful treatment for leprosy and later,
multiple myeloma. In rural areas of the world that lack extensive
medical surveillance initiatives, thalidomide treatment of preg-
nant women with leprosy has continued to cause malformations.
Research on thalidomide mechanisms of action is leading to
a better understanding of molecular targets. With an improved
understanding of these molecular targets, safer drugs may be
designed. The thalidomide tragedy marked a turning point in
toxicity testing, as it prompted United States and international
regulatory agencies to develop systematic toxicity testing proto-
cols; the use of thalidomide as a tool in developmental biology led
to important discoveries in the biochemical pathways of limb
development. In celebration of the Society of Toxicology’s 50th
Anniversary, which coincides with the 50th anniversary of the
withdrawal of thalidomide from the market, it is appropriate to
revisit the lessons learned from the thalidomide tragedy of the
1960s.
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testing.

Thalidomide was first marketed in the late 1950s as
a sedative and was used in the treatment of nausea in pregnant
women (Fig. 1). Within a few years of the widespread use of
thalidomide in Europe, Australia, and Japan, approximately
10,000 children were born with phocomelia, leading to the ban
of thalidomide in most countries in 1961. Some countries
continued to provide access to thalidomide for a couple of
years thereafter (Lenz, 1988). In addition to limb reduction
anomalies, other effects later attributed to thalidomide included
congenital heart disease, malformations of the inner and outer

ear, and ocular abnormalities (Miller and Strömland, 1999).
The thalidomide tragedy was averted in the United States
because of the hold on its approval by Dr Frances Kelsey of the
U.S. Food and Drug Administration, who was recognized by
President John F. Kennedy as a recipient of the Gold Medal
Award for Distinguished Civilian Service. Dr Kelsey’s
decision to hold the approval of thalidomide was not because
of the birth defects, which had not yet been attributed to
thalidomide, but because of her concerns about peripheral
neuropathy (sometimes irreversible) in the patient and the
potential effects a biologically active drug could have after
treatment of pregnant women. The thalidomide tragedy also
brought into sharp focus the importance of rigorous and
relevant testing of pharmaceuticals prior to their introduction
into the marketplace (Kelsey, 1988). Dr Kelsey was awarded
an honorary membership to the Society of Toxicology in
celebration of its 50th Anniversary in 2011.
Josef Warkany, one of the founders of the Teratology

Society, doubted in April of 1962 that thalidomide was
responsible for the epidemic of limb defects (Warkany, 1988).
His reasoning was that rat experiments had not produced
comparable malformations and that malformations in humans
were inconsistent (i.e., some mothers who were exposed to
thalidomide had normal children and some malformations
occurred in children whose mothers did not knowingly take
thalidomide) (Warkany, 1988). The thalidomide episode led to
the adoption of requirements for the systematic testing of
pharmaceutical products for developmental toxicity prior to
marketing. The adoption of these requirements is sometimes
considered a benefit of the thalidomide tragedy. The legacy
of thalidomide extends further than the creation of detailed
testing protocols. With thalidomide came, the widespread
recognition that differences in sensitivity between species
required consideration. As a consequence, developmental
toxicity testing for pharmaceuticals is conducted in two
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species, one of which is not a rodent. It is not clear, however,
that the routine use of the second species (usually rabbit) has
resulted in better testing, and it has been suggested that a more
thorough understanding of results in a single species may be
preferable (Janer et al., 2008).

In order to address potential developmental and reproductive
toxicities of pharmaceuticals, the U.S. FDA (1966) laid the
foundation for the development of the segment I (fertility and
general reproduction), II (teratogenicity), and III (perinatal)
testing protocols in 1966. Prior to the development of the
segment I, II, and III testing protocols, toxicology testing was
more hypothesis driven rather than a systematic bioassay
testing strategy that is in place today. The segment I, II, and III
studies, or their International Conference on Harmonisation
and Organisation for Economic Co-operation and Development
equivalents, are performed in addition to routine short-term,
subchronic, and chronic toxicity assays and have been in place
with little change for over 40 years.

An examination of the PubMed literature database revealed
a bimodal pattern (Fig. 2) in the number of citations containing

thalidomide as a keyword. As a direct result of the thalidomide
tragedy in the early 1960s, not surprisingly, there was a steady
number of publications in that decade. Because of the ban in its
use, interest in thalidomide waned in the 1970s and 1980s. For
reasons that will be described below, the number of
thalidomide publications began increasing in the latter half of
the 1990s and have increased dramatically in the last 10 years.
Though its use in pregnant women was banned in 1961,
thalidomide continues to be used in the treatment of leprosy
because of its immunomodulatory properties. The World
Health Organization still does not recommend thalidomide
for the treatment of leprosy because of its use in areas of poor
medical surveillance resulting in a number of thalidomide-
affected children (http://www.who.int/lep/research/thalidomide/en/).

In 1998, thalidomide was approved by the U.S. Food and
Drug Administration for the treatment of leprosy and, sub-
sequently, for multiple myeloma. Studies are ongoing to evaluate
the effectiveness of thalidomide in the treatment of other
diseases. Thalidomide inhibits angiogenesis and could be used
to treat human diseases that are dependent on angiogenesis.
Inhibition of angiogenesis is one of the proposed mechanisms of
action for thalidomide’s teratogenic properties (discussed below).

As a ‘‘model’’ teratogen, thalidomide is also being used as
a tool to evaluate the predictivity of alternative testing methods
such as in vitro assays.

WINDOWS OF EXPOSURE AND DOSE

Toxicologists have long held dear the tenet of Paracelsus that
‘‘All substances are poisons; there is none which is not
a poison. The right dose differentiates a poison from a remedy.’’

FIG. 2. Number of PubMed entries for thalidomide publications by year (searched on 12/27/2010).

FIG. 1. Structure of thalidomide.
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IMIDE	DELL’ACIDO	n-FTALIL-GLUTAMMICO	



TALIDOMIDE 

•  INTRODOTTA	 SUL	 MERCATO	 IN	 EUROPA,	
AUSTRALIA	 E	 GIAPPONE	 NEL	 1957	 COME	
SEDATIVO-IPNOTICO	 DA	 BANCO	 E	 COME	
FARMACO	 ANTI-NAUSEA/VOMITO	 DELLE	 PRIME	
SETTIMANE	DI	GRAVIDANZA.	

	
•  RITENUTA	MOLECOLA	ASSOLUTAMENTE	INNOCUA	

E	 PRIVA	 DI	 RILEVANTI	 EFFETTI	 COLLATERALI	
ANCHE	 SULLA	 BASE	 DI	 STUDI	 PRE-CLINICI	
SULL’ANIMALE	 (VALUTATI	 A	 POSTERIORI,	 STUDI	
DI	BASSISSIMA	QUALITA'	CONDOTTI	UNICAMENTE	
SUL	TOPO).		



•  SI STIMA CHE DAL 1957 AL 1961 CIRCA 5 MILIONI DI INDIVIDUI 
ABBIANO  ASSUNTO REGOLARMENTE TALIDOMIDE. 

•  DAL 1957 AL 1961 CIRCA 10-15.000 CASI DI NATI CON 
GRAVISSIME MALFORMAZIONI (FOCOMELIA, CARDIOPATIE 
CONGENITE,  ANORMALITA’ DELLO SVILUPPO OCULARE E 
DELL’ORECCHIO INTERNO ED ESTERNO). 

 

TALIDOMIDE 

•  IL 18 NOVEMBRE 1961, IN OCCASIONE DI UN 
CONGRESSO MEDICO A DUSSELDORF, IL 
PEDIATRA WILDURIND LENZ ESPRESSE PER 
LA PRIMA VOLTA IL FONDATO SOSPETTO 
CHE LA TALIDOMIDE POTESSE ESSERE 
R E S P O N S A B I L E D E L L ’ A U M E N T O 
I M P R O V V I S O D I M A L F O R M A Z I O N I 
NEONATALI, QUANDO ASSUNTA TRA LA 3a E 
L’8a SETTIMANA DI GESTAZIONE ALLA DOSE 
DI 1 MG/KG. 





•  DICEMBRE 1961: LA PROCURA DI AQUISGRANA IMPOSE IL 
RITIRO DAL MERCATO DEL FARMACO E AVVIO’ I PRIMI 
PROVVEDIMENTI GIUDIZIARI. 

 
•   1965: DOCUMENTAZIONE DI EFFICACIA TERAPEUTICA 

NELL’ERITEMA NODOSO LEPROMATOSO. 

TALIDOMIDE 

•  1980-1990:	 DIMOSTRAZIONE	 DEGLI	 EFFETTI	
ANTI-ANGIOGENETICI	 E	 DI	 INIBIZIONE	 DEL	
TNF-α	 (IMPIEGO	 IN	 ALCUNE	 FORME	 DI	
INFEZIONE	AVANZATA	DA	HIV).	

•  1999:	SINGHAL		S,	BARLOGIE	B.	NEJM	1999	
	 	 	 	 	ANTITUMOR	ACTIVITY	OF	THALIDOMIDE	IN								

REFRACTORY	MULTIPLE	MYELOMA		
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BSTRACT

 

Background

 

Patients with myeloma who relapse
after high-dose chemotherapy have few therapeutic
options. Since increased bone marrow vascularity
imparts a poor prognosis in myeloma, we evaluated
the efficacy of thalidomide, which has antiangiogenic
properties, in patients with refractory disease.

 

Methods

 

Eighty-four previously treated patients
with refractory myeloma (76 with a relapse after high-
dose chemotherapy) received oral thalidomide as a
single agent for a median of 80 days (range, 2 to 465).
The starting dose was 200 mg daily, and the dose was
increased by 200 mg every two weeks until it reached
800 mg per day. Response was assessed on the ba-
sis of a reduction of the myeloma protein in serum
or Bence Jones protein in urine that lasted for at least
six weeks.

 

Results

 

The serum or urine levels of paraprotein
were reduced by at least 90 percent in eight patients
(two had a complete remission), at least 75 percent
in six patients, at least 50 percent in seven patients,
and at least 25 percent in six patients, for a total rate
of response of 32 percent. Reductions in the parapro-
tein levels were apparent within two months in 78
percent of the patients with a response and were as-
sociated with decreased numbers of plasma cells in
bone marrow and increased hemoglobin levels. The
microvascular density of bone marrow did not change
significantly in patients with a response. At least one
third of the patients had mild or moderate constipa-
tion, weakness or fatigue, or somnolence. More se-
vere adverse effects were infrequent (occurring in less
than 10 percent of patients), and hematologic effects
were rare. As of the most recent follow-up, 36 pa-
tients had died (30 with no response and 6 with a re-
sponse). After 12 months of follow-up, Kaplan–Meier
estimates of the mean (±SE) rates of event-free sur-
vival and overall survival for all patients were 22±5
percent and 58±5 percent, respectively.

 

Conclusions

 

Thalidomide is active against ad-
vanced myeloma. It can induce marked and durable
responses in some patients with multiple myeloma,
including those who relapse after high-dose chemo-
therapy. (N Engl J Med 1999;341:1565-71.)
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ULTIPLE myeloma accounts for ap-
proximately 1 percent of all cancers and
10 percent of hematologic cancers. It
is incurable with conventional chemo-

therapy.

 

1

 

 Melphalan-based high-dose chemotherapy
with hematopoietic stem-cell support increases the
rate of complete remission and extends event-free and
overall survival.

 

2-4

 

 However, many patients still relapse,
and options for salvage therapy are limited.

 

5,6

 

Angiogenesis is important in embryogenesis, wound
healing, diabetic retinopathy, and tumor progression.

 

7,8

 

The immunomodulatory drug thalidomide can inhib-
it angiogenesis and induce apoptosis of established
neovasculature in experimental models.

 

9,10

 

 For these
reasons, angiogenesis-inhibiting drugs such as tha-
lidomide may be useful for treating cancers that de-
pend on neovascularization.

Prominent bone marrow vascularization occurs in
multiple myeloma. It correlates positively with a high
plasma-cell–labeling index (a poor prognostic sign)
and disease activity and independently confers a poor
prognosis.

 

11-16

 

 Plasma levels of various angiogenic cy-
tokines, such as basic fibroblast growth factor and
vascular endothelial growth factor, are elevated in pa-
tients with active myeloma.

 

11-13,16

 

 In 1965, Olson et al.
reported slowing of disease progression in one pa-
tient who was treated with thalidomide.

 

17

 

 These con-
siderations led us to administer thalidomide to five
patients with end-stage myeloma through a compas-
sionate-use protocol. One patient with a large tumor
burden (as indicated by an IgA level of 8.4 g per dec-
iliter, the presence of more than 95 percent plasma
cells in bone marrow, and the need for transfusion),
who had had no response to two cycles of high-dose
chemotherapy followed by multiple salvage therapies,
had a nearly complete remission within three months
after the initiation of thalidomide therapy. This ob-
servation prompted a phase 2 investigation of tha-

M
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•  GOLD	 MEDAL	 AWARD	 PER	
MERITI	 CIVILI	 NEL	 1962	
INSIGNITA	 DAL	 PRESIDENTE	
JOHN	FITZGERALD	KENNEDY	

•  NEL	 2000	 INSERITA	 NELLA	
NATIONAL	WOMEN’S	 HALL	
OF	FAME	

FRANCES OLDHAM KELSEY 
(1914-2015) 



•  LA	TALIDOMIDE	NON	E’	TERATOGENA	NEL	TOPO	O	
NEL	 RATTO,	 MA	 LO	 E’	 NEL	 PULCINO	 E	 NEL	
CONIGLIO.	

	
•  GLI	 EFFETTI	 TERATOGENI	 DIPENDONO	 DALLA	
SETTIMANA	 DI	 GESTAZIONE	 E	 DALLA	 DOSE	
RICEVUTA.	

•  QUAL	 E’	 IL	 MECCANISMO	 D’AZIONE	 DELLA	 SUA	
TERATOGENICITA’?	

		

TALIDOMIDE 

-  STRESS	OSSIDATIVO	DA	PRODUZIONE	DI	ROS																																	
-  ATTIVITA’	INTERCALANTE	SUL	DNA	
-  	INIBIZIONE	DELL’ANGIOGENESI		



Identification of a Primary Target of
Thalidomide Teratogenicity
Takumi Ito,1* Hideki Ando,2* Takayuki Suzuki,3,4 Toshihiko Ogura,3 Kentaro Hotta,2
Yoshimasa Imamura,5 Yuki Yamaguchi,2 Hiroshi Handa1,2†

Half a century ago, thalidomide was widely prescribed to pregnant women as a sedative but was found
to be teratogenic, causing multiple birth defects. Today, thalidomide is still used in the treatment of
leprosy and multiple myeloma, although how it causes limb malformation and other developmental
defects is unknown. Here, we identified cereblon (CRBN) as a thalidomide-binding protein. CRBN forms
an E3 ubiquitin ligase complex with damaged DNA binding protein 1 (DDB1) and Cul4A that is
important for limb outgrowth and expression of the fibroblast growth factor Fgf8 in zebrafish and chicks.
Thalidomide initiates its teratogenic effects by binding to CRBN and inhibiting the associated ubiquitin
ligase activity. This study reveals a basis for thalidomide teratogenicity and may contribute to the
development of new thalidomide derivatives without teratogenic activity.

During the late 1950s and early 1960s,
thalidomide was sold as a sedative in
over 40 countries and was often pre-

scribed to pregnant women as a treatment for
morning sickness. Before its teratogenic activity
came to light and its use was discontinued,
~10,000 affected children were born from
women taking thalidomide during pregnancy
(1–3). Use of thalidomide during weeks 3 to 8
of gestation causes multiple birth defects such as
limb, ear, cardiac, and gastrointestinal malfor-
mations (1–3). The limb malformations, known
as phocomelia and amelia, are characterized,
respectively, by severe shortening or complete
absence of legs and/or arms, whereas the ear
malformations lead to anotia, microtia, and
hearing loss. Despite considerable effort, little
is known about how these developmental
defects are caused. Previous studies have
suggested thalidomide-induced oxidative stress
and its antiangiogenic action as a possible cause
of teratogenicity (4, 5). However, several impor-
tant questions remain unanswered, such as what
are direct targets of thalidomide and how the
target molecules mediate its teratogenic effects.

Recently, thalidomide use has increased for
the treatment of multiple myeloma and erythe-
ma nodosum leprosum, a painful complication
of leprosy (2, 3, 6, 7). Owing to its teratoge-
nicity, however, thalidomide is used under
strict control (8), and removal of its side ef-

fects is desirable for wider applications of this
potentially useful drug. It is important to
elucidate the molecular mechanism of thalid-
omide teratogenicity, especially to identify its
molecular target(s), because such knowledge
might allow rapid screening for potentially
useful related compounds devoid of teratogenic
activity. In this regard, we have been developing
high-performance affinity beads that allow
single-step affinity purification of drug target
proteins from crude cell extracts (9). Here we
show that cereblon (CRBN), a protein en-
coded by a candidate gene for mild mental
retardation, is a primary target of thalidomide
teratogenicity.

Binding of thalidomide to CRBN and DDB1.
To purify thalidomide-binding proteins, we
performed affinity purification using ferrite-
glycidyl methacrylate (FG) beads (9). The
carboxylic thalidomide derivative FR259625
was covalently conjugated to the beads (fig.
S1) and incubated with human HeLa cell
extracts (10). After extensive washing, bound
proteins were eluted with free thalidomide, and
the eluate fractions were subjected to SDS gel
electrophoresis and silver staining. Two poly-
peptides were specifically eluted (Fig. 1A, lane
3). When free thalidomide was added to extracts
before incubation with the beads, the yields of
these proteins were reduced (Fig. 1A, lane 4),
which suggested that these proteins specifically
interact with thalidomide. The 127- and 55-kD
proteins were therefore subjected to proteolytic
digestion and tandem mass spectrometry and
were identified as CRBN and damaged DNA
binding protein 1 (DDB1), respectively (table
S1). Identities of these proteins were confirmed
by immunoblotting (Fig. 1A). CRBN and
DDB1 were isolated similarly as thalidomide-
binding proteins from various cell types (fig. S2).
To determine whether this interaction is direct, we
used purified recombinant proteins. FLAG-tagged
CRBN, but not V5 (GKPIPNPLLGLDST) (11)
epitope- and histidine (His)–tagged DDB1,
bound to thalidomide beads (Fig. 1B). We
therefore asked whether DDB1 binds to thalid-
omide beads through its interaction with CRBN.
As expected, DDB1 was coprecipitated with
FLAG- and hemagglutinin (HA) epitope–tagged
(FH-) CRBN (Fig. 1C) and was not affinity-
purified from CRBN-depleted 293T cells (fig.
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Fig. 1. Thalidomide
binds to CRBN and
DDB1. (A) Thalidomide
(Thal)-binding proteins
were purified from HeLa
cell extracts by using
thalidomide-immobilized
(+) or control (–) beads.
Where indicated, bound
proteins were eluted
with free thalidomide.
As indicated, 0.3 mM
thalidomide was added
to extracts before incu-
bation with the beads.
Eluted proteins were
analyzed by silver stain-
ing (top) or immuno-
blotting (IB) (bottom).
Asterisk indicates non-
specific signal. (B) Purified
recombinant CRBN-FLAG
and DDB1-V5-His were,
respectively, incubated
with thalidomide beads. Input materials used for affinity purification
(AP) and bound materials were immunoblotted. (C) FH-CRBN was
immunoprecipitated (IP) from 293T cells stably expressing FH-CRBN or from control cells, followed by
SDS gel electrophoresis and silver staining.

www.sciencemag.org SCIENCE VOL 327 12 MARCH 2010 1345

 o
n 

N
ov

em
be

r 6
, 2

01
0 

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fro

m
 

Ito	T.	et	al,	Science	2010	



COSA ABBIAMO IMPARATO DALLA TRAGEDIA 
DELLA TALIDOMIDE DEGLI ANNI ’50 E ‘60 

a )	 OGN I	 P RODOT TO	 F ARMACEUT I CO	 DOVREBB E	 E S S E R E	
SISTEMATICAMENTE	 TESTATO	 RIGUARDO	 ALLA	 “DEVELOPMENTAL	
TOXICITY”	PRIMA	DI	POTER	ESSERE	IMMESSO	SUL	MERCATO.	

	
	
				QUALSIASI	EFFETTO	IN	GRADO	DI	INTERFERIRE	SUL	NORMALE	SVILUPPO	

DI	UN	ORGANISMO,	PRIMA	O	DOPO	LA	NASCITA.		INCLUDE		EVENTI	DI	
EMBRIO	O	FETO-TOSSICITA‘,	DIFETTI	PERI	O	POST-NATALI,	ALTERATO	

SVILUPPO	FISICO	E/O		MENTALE	FINO	ALLA	PUBERTA’	
	
b)	CI	POSSONO	ESSERE	NOTEVOLI	DIFFERENZE	FRA	DIVERSE	SPECIE	ANIMALI	

IN	 TERMINI	 D I	 SENS IB I L ITA’	 E	 MANIFESTAZ IONI	 DELLA	
“DEVELOPMENTAL	TOXICITY”.	

	
c)	 NEL	 TESTARE	 OGNI	 FARMACO	 VA	 UTILIZZATA	 ALMENO	 UNA	 SECONDA	

SPECIE	ANIMALE,	CON	METICOLOSA	INTERPRETAZIONE	DEI	RISULTATI.		
 



d)	 ADOZIONE	 DI	 RIGOROSI	 PROGRAMMI	 DI	
CONTROLLO,	 EDUCAZIONE	 E	 TUTELA	 DEI	
PAZIENTI	 CHE	 ASSUMONO	 TALIDOMIDE	 IN	
ETA’	FERTILE	

•  STEPS	 	 	 	 	 	 	 SYSTEM	 FOR	 THALIDOMIDE					
EDUCATION	AND	PRESCRIBING	SAFETY	(FDA)	

	
•  PROGRAMMA	 DI	 PREVENZIONE	 DELLA	
GRAVIDANZA	DI	TALIDOMIDE	CELGENE	

COSA ABBIAMO IMPARATO DALLA TRAGEDIA 
DELLA TALIDOMIDE DEGLI ANNI ’50 E ‘60 



PROGRAMMA DI PREVENZIONE DELLA 
GRAVIDANZA 

•  CRITERI DI DEFINIZIONE DELLE DONNE NON 
POTENZIALMENTE FERTILI  
      ETA’ ≥ 50 ANNI E PRESENZA DI AMENORREA 

NATURALE DA     ALMENO 1 ANNO 
•  ADOZIONE ININTERROTTA DI EFFICACI METODI 

C O N T R A C C E T T I V I N E L L E 4 S E T T I M A N E 
PRECEDENTI L’INIZIO DEL TRATTAMENTO, PER 
L’INTERA DURATA DELLA TERAPIA E PER LE 4 
SETTIMANE SUCCESSIVE ALLA FINE DEL 
TRATTAMENTO  

•  TEST DI GRAVIDANZA OGNI 4 SETTIMANE 
•  LIMITAZIONI DI PRESCRIZIONE E DISPENSAZIONE 

NELLE DONNE POTENZIALMENTE FERTILI (MAX 4 
SETTIMANE DI TRATTAMENTO) 

 



PROGRAMMA DI PREVENZIONE DELLA 
GRAVIDANZA 

NEGLI UOMINI:  
   POICHE’ TALIDOMIDE E’ STATA 

RILEVATA NEL LIQUIDO SEMINALE, I 
MASCHI CHE ASSUMONO IL FARMACO 
DEVONO ESSERE CONSAPEVOLI DEL 
RISCHIO TERATOGENO ED UTILIZZARE 
SISTEMATICAMENTE IL PROFILATTICO 
OLTRE ALLA ADOZIONE DA PARTE 
DELLA PROPRIA PARTNER DI METODI 
CONTRACCETTIVI  EFFICACI.  



•  COUNSELLING	
• MATERIALE	INFORMATIVO	
•  CONSENSO	INFORMATO	
•  PARTECIPAZIONE	A	INDAGINI	E	PROGRAMMA	DI	
SORVEGLIANZA	

•  SCRUPOLOSA	ATTIVITA’	DI	FARMACOVIGILANZA	
DA	PARTE	DEL	MEDICO	PRESCRITTORE	

PROGRAMMA DI PREVENZIONE DELLA 
GRAVIDANZA 



Lenalidomide
(Revlimid®; CC-5013)

N
N
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IMiDs are structurally similar, but functionally different 
both qualitatively and quantitatively 
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Thalidomide Pomalidomide 
(CC-4047)

N

O

O

N
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O

NH2

IMIDs  IMMUNOMODULATORY DRUGS 



 
LENALIDOMIDE / POMALIDOMIDE 

•  ENTRAMBE	TERATOGENE	NELLE	SCIMMIE,	RATTI	E	CONIGLI.		
•  MALFORMAZIONI	SIMILI	A	QUELLE	INDOTTE	DA	TALIDOMIDE.	
•  RIGOROSA	ADOZIONE	DEL	PROGRAMMA	DI	PREVENZIONE	

DELLA	GRAVIDANZA	STABILITO	PER	LA	TALIDOMIDE.	

SE	UN	FARMACO	APPARTIENE	AD	UNA	CLASSE	DI	FARMACI	
CHE	E’	GIA’	STATA	BEN	CARATTERIZZATA	IN	TERMINI	DI	
DEVELOPMENTAL	TOXICITY,		ALTRI	SPECIFICI	STUDI	NON	

VENGONO	RITENUTI	ESSENZIALI	



2013 



NUOVI FARMACI ANTI-TUMORALI E STUDI 
SULLA DEVELOPMENTAL TOXICITY 

BORTEZOMIB	
CARFILZOMIB	
BRENTUXIMAB	
IBRUTINIB	
IDELALISIB	
VENETOCLAX	

•  LETTERATURA	 PRESSOCHE’	
ASSENTE	

•  P O C H I S S I M I 	 D A T I	
PROVENIENTI	 DALLE	 SCHEDE	
TECNICHE	

•  LINEE	 GUIDA	 LIMITATE	 IN	
TERMINI	 DI	 DISEGNO	 E	
CONDUZIONE	 DI	 STUDI	 NON	
CLINICI	 CHE	 TESTINO	 LA	
TOSSICITA’	RIPRODUTTIVA	



NUOVI FARMACI ANTI-TUMORALI E STUDI 
SULLA DEVELOPMENTAL TOXICITY 

IN	 MOLTI	 CASI,	 GLI	 STUDI	 SULLA	 DEVELOPMENTAL	 TOXICITY	
SONO	CONSIDERATI	NON	PRIORITARI	PER	LE	SEGUENTI	RAGIONI:	

• P E R CH E ’	 I 	 F A RMAC I	 V E NGONO	 U T I L I Z Z A T I	
PRINCIPALMENTE	 IN	 UNA	 POPOLAZIONE	 DI	 PAZIENTI	 IN	
ETA’	NON	FERTILE	O	POST-MENOPAUSALE	
	
• PERCHE’	 I	 PAZIENTI	 SOFFRONO	 DI	 UNA	 MALATTIA	
RITENUTA	NON	GUARIBILE,	CON	UNA	ASPETTATIVA	DI	VITA	
LIMITATA	
	
• RITENUTI	NON	ESSENZIALI	PER	SUPPORTARE	TRIALS	CLINICI	
FINALIZZATI	 AL	 TRATTAMENTO	 DI	 PAZIENTI	 PER	 LO	 PIU’	
ANZIANI		CON	MALATTIA	TUMORALE	AVANZATA	



NUOVI FARMACI ANTI-TUMORALI E STUDI 
SULLA DEVELOPMENTAL TOXICITY 

BORTEZOMIB	
CARFILZOMIB	
BRENTUXIMAB	
IBRUTINIB	
IDELALISIB	
VENETOCLAX	

•  NON	 SONO	 DISPONIBILI	 DATI	 CLINICI	
RELATIVI	ALL’ESPOSIZIONE	AI	FARMACI	
DURANTE	LA	GRAVIDANZA	

•  UOMINI	 E	 DONNE	 IN	 ETA’	 FERTILE	
DEVONO	 USARE	 ADEGUATI	 METODI	
CONTRACCETT I V I	 DURANTE	 I L	
T RATTAMENTO	 E	 NE I	 3	 MES I	
SUCCESSIVI	

•  SONO	 EMBRIO	 E	 FETOTOSSICI	 SULL’	
ANIMALE	 (RATTO	 E	 CONIGLIO)	 IN	
MANIERA	DOSE-DIPENDENTE	

•  ALLATTAMENTO	 CONTROINDICATO	
DURANTE	IL	TRATTAMENTO	



NUOVI FARMACI ANTI-TUMORALI E STUDI 
SULLA DEVELOPMENTAL TOXICITY 

•  IL	 RITUXIMAB	 FU	 APPROVATO	 DALLE	 AGENZIE	
REGOLATORIE	NEL	1997	PER	 IL	 TRATTAMENTO	DEL	
LINFOMA	 FOLLICOLARE	 SENZA	 LA	 SOTTOMISSIONE		
DEI	 DATI	 NON-CLINICI	 	 RELATIVI	 ALLA	 TOSSICITA’	
RIPRODUTTIVA.	

•  GLI	STUDI	DI	EMBRYOFETAL	DEVELOPMENT	(EFD)	E	
DI	 PRE-	 AND	 POST-NATAL	 DEVELOPMENT	 (PPD)	
FURONO	ESEGUITI	IN	SEGUITO,	A	SUPPORTO	DELLA	
SOTTOMISSIONE	 PER	 LA	 COMMERCIALIZZAZIONE	
DELL’ANTICORPO	 IN	 PATOLOGIE	 NON-TUMORALI	
(ad	esempio	DISORDINI	AUTOIMMUNI).	



NUOVI FARMACI ANTI-TUMORALI E STUDI 
SULLA DEVELOPMENTAL TOXICITY 

• I	MODELLI	ANIMALI	NON-PRIMATI	NON	SONO	VALIDI	
PER	 TESTARE	 LA	 TOSSICITA’	 DELLO	 SVILUPPO	 DEGLI	
ANTICORPI	 MONOCLONALI.	 MA	 GLI	 STUDI	 SUI	
PRIMATI	RIGUARDO	ALLA	TOSSICITA’	DELLO	SVILUPPO	
SONO	 MOLTO	 PIU’	 DIFFICILI	 RISPETTO	 A	 QUELLI	 SUI	
RODITORI	 O	 SUI	 CONIGLI	 (BASSO	 NUMERO	 DI	
ANIMALI	 CHE	 POSSONO	 ESSERE	 USATI,	 BASSO	
NUMERO	 D I	 NAT I	 D I SPON IB I L I ,	 E L EVATA	
PERCENTUALE	 DI	 ABORTI	 IN	 LABORATORIO,	 	 COSTI	
ELEVATI).	



MIELOMA MULTIPLO 
Incidenza annuale = 3-4 casi/100.000 
Età media alla diagnosi = 69 anni 
< 10 % dei pazienti ha meno di 50 anni 
> 20% dei pazienti ha più di 80 anni 

37% > 75 anni 

28% 65-75 anni 35% 25-64 anni 



LLC Età media alla diagnosi: 72 anni 
Età media alla morte per LLC: 79 anni 
Circa il 70% delle LLC hanno più di 65 anni alla diagnosi 

< 45 anni = 2% 
45 - 54 anni = 9% 
55 - 64 anni = 19.5% 
65 - 74 anni = 26.5% 
75 - 84 anni = 30% 
≥ 85 anni =13% 



FERTILITA’ E TKIs 

18-29	y	
30-39	y	
40-49	y	
50-59	y	
60-69	y	
70-79	y	
≥			80	y	

7,0%									6.7%											13.7%	
8,9%										8,9%										17.8%	
9.6%										9.7%										19.3%	
7.7%										8.3%										16.1%	
6.6%										7.2%										13.8%	
5.1%										6.3%										11.4%	
2.8%										4.9%												7.7%	

AGE																				MALES								FEMALES					TOTAL	

 
 
 

ITALIAN	CML	REGISTRY	2008-2013	
AGE	DISTRIBUTION	AT	DIAGNOSIS	

MEDIAN AGE = 52 yrs 



FERTILITA’ E TKIs 

TKI IN MODELLI ANIMALI (TOPO E CONIGLIO) 

IMATINIB 

•  NESSUN	 E F FETTO	 SUL LA	 F ERT I L I TA ’	 NE ’	
NELL’ANIMALE	 MASCHIO	 NE’	 NELL’ANIMALE		
FEMMINA	

	
•  NEL	MASCHIO	TRATTATO	CON	DOSAGGI	DI	IMATINIB	
CORRISPONDENTI	 AD	 UN	 DOSAGGIO	 PIU’	 ELEVATO	
RISPETTO	 ALLO	 STANDARD	 NELL’UOMO,	 OSSERVATI	
UNA	 RIDUZIONE	 DEL	 PESO	 DEI	 TESTICOLI	 E	 UNA	
RIDUZIONE	DELLA	MOTILITA’	DEGLI	SPERMATOZOI	



TKI IN MODELLI ANIMALI (TOPO E CONIGLIO) 

IMATINIB 
• NELLA	 FEMMINA	 TRATTATA	 A	 DOSI	 STANDARD	 NESSUNA	
ALTERAZIONE	 DEL	 PESO	 DELLE	 OVAIE	 E	 DELLA	MORFOLOGIA	 DEI	
FOLLICOLI	A	DIFFERENTI	STADI	MATURATIVI.			
• DURANTE	L’ORGANOGENESI	ALLA	DOSE	CORRISPONDENTE	A	1000	
MG	 NELL’UOMO	 INDUZIONE	 DI	 EFFETTI	 TERATOGENI	
SOPRATTUTTO	A	LIVELLO	DELLE	OSSA	CRANICHE	(AGENESIA	DELLE	
OSSA	FRONTALI	E	PARIETALI,	ENCEFALOCELE,	EXENCEFALIA).		
	 A	 DOSI	 >	 1000	 MG:	 PERDITA	 DEL	 FETO	 IN	 TUTTI	 GLI	 ANIMALI	
TRATTATI.	
• IMATINIB	E’	ESCRETO	NEL	LATTE	MATERNO	



FERTILITA’ E TKIs 

TKI IN MODELLI ANIMALI (TOPO E CONIGLIO) 

NILOTINIB 

NESSUN	 EFFETTO	 SULLA	 FERTILITA’	 NEGLI	 ANIMALI	 MASCHI	 O	
FEMMINE	 ALLE	 DOSI	 STANDARD.	 RISPETTO	 ALL’IMATINIB,	 NON	
EVIDENZA	DI	EFFETTI	TERATOGENI	NEL	TOPO	O	NEL	CONIGLIO	A	
DOSI	 STANDARD,	 MA	 EMBRIOTOSSICO	 E	 FETOTOSSICO	 A	 DOSI	
PIU’	ELEVATE.	
NEL	FETO	LA	CONCENTRAZIONE	TISSUTALE	DEL	FARMACO	E’	PIU’	
BASSA	 RISPETTO	 ALLA	 CONCENTRAZIONE	 NEGLI	 ORGANI	
MATERNI,	 AD	 ECCEZIONE	 DEL	 FEGATO	 ( IN	 CUI	 LA	
CONCENTRAZIONE	FETALE	E’	1.6	VOLTE	SUPERIORE).	
NILOTINIB	E’	ESCRETO	NEL	LATTE	MATERNO.	



FERTILITA’ E TKIs 

TKI IN MODELLI ANIMALI (TOPO E CONIGLIO) 

DASATINIB 

•  NON	 SEMBRA	RIDURRE	 LA	 FERTILITA’	NEL	 TOPO,	 ANCHE	 SE	
NEL	MASCHIO	E’	STATA	RIPORTATA	LA	RIDUZIONE	DEL	PESO	
E	 DELLA	 CAPACITA’	 SECRETIVA	 DELLA	 PROSTATA	 E	 DELLE	
VESCICOLE	SEMINALI	

•  EMBRIOTOSSICO,	 FETOTOSSICO,	 INDUTTORE	 DI	MORTE	 DEL	
FETO,	A	DIVERSI	DOSAGGI	

•  TERATOGENICITA’	A	LIVELLO	SCHELETRICO	(OSSA	CRANICHE,	
SCAPOLE,	COSTE)	ED	EPATICO	(MICROEPATIA)	

•  NON	 E’	 CHIARO	 SE	 DASATINIB	 SIA	 ESCRETO	 NEL	 LATTE	
MATERNO	



FERTILITA’ E TKIs 

TKI IN MODELLI ANIMALI (TOPO E CONIGLIO) 

PONATINIB 

•  SUGLI	 ORGANI	 RIPRODUTTIVI	 PUO’	 INDURRE	 NEI	 TOPI	
DEGENERAZIONE	 DELL’EPITELIO	 TESTICOLARE	 E	 ATRESIA	
D E I 	 F O L L I C O L I 	 C O N	 A S S O C I A T A	 A T R O F I A	
DELL’ENDOMETRIO	NELLA	SCIMMIA	

•  EMBRIOTOSSICO	E	FETOTOSSICO	A	DIVERSI	DOSAGGI	
•  INDUTTORE	DI	MALFORMAZIONI	A	 LIVELLO	 SCHELETRICO	

(VERTEBRE,	 STERNO,	 COSTE,	 OSSA	 DEL	 BACINO)	 MA	
ANCHE	 A	 LIVELLO	 DI	 RENI,	 URETERI,	 OVAIO,	 GENITALI	
ESTERNI,	FEGATO,	CUORE	E	GROSSI	VASI	(TRASPOSIZIONE)	



FERTILITA’ E TKIs 

MASCHIO 

TKIs NELL’UOMO 

CIRCA	 300	 CASI	 SEGNALATI	 A	 TUTT’OGGI	 DI	
GRAVIDANZE	IN	DONNE	PARTNERS	DI	PAZIENTI	MASCHI	
IN	TRATTAMENTO	CON	IMATINIB	A	DOSI	STANDARD	
	
NON	E’	STATO	RIPORTATO	UN	RISCHIO	AUMENTATO	DI	

MALFORMAZIONI	O	DI	ABORTO	



FERTILITA’ E TKIs 

MASCHIO 

TKIs NELL’UOMO 

•  30	 CONCEPIMENTI	 DA	 PARTE	 DI	 MASCHI	 IN	 CORSO	 DI	
IMATINIB,	CON	34	NASCITE	

•  PARTO	TRA	34a		E	42a	SETTIMANA,	1	BIMBO	PRETERMINE.	
•  PESO	MEDIO	ALLA	NASCITA:	3.1	KG	(1.9-4.4),	LUNGHEZZA	50	

CM	
•  1	 CASO	 DI	 ITTERO	 NEONATALE,	 1	 CASO	 DI	 DISPLASIA	

CONGENITA	DELL’ANCA	
•  NESSUN	EVENTO	MALFORMATIVO	
•  NESSUN	PROBLEMA	RIPORTATO	NEI	PRIMI	ANNI	DI	VITA	(3-5	

ANNI)	

REGISTRO	GIMEMA	
(Abruzzese	E.	et	al,	2015)	



FERTILITA’ E TKIs 

RIPORTATI	50	CASI	DI	GRAVIDANZE			
NON	RIPORTATI	EVENTI	AVVERSI,	A	PARTE	1	CASO	DI	ANORMALITA’	FETALE	
CHE	HA	PORTATO	ALL’ABORTO	

MASCHIO NILOTINIB	

DASATINIB	

TKIs NELL’UOMO 

Figure 1. 
Pregnancy outcomes in dasatinib-treated women and the female partners of dasatinib-treated 
men. CNS, central nervous system; IUGR, intrauterine growth restriction. *One woman had 
both maternal issues during her pregnancy (IUGR 1 premature) and delivered an abnormal 
infant with hydrops fetalis.
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Abstract. The management of patients with chronic myeloid leukemia (CML) during pregnancy 
has become recently a matter of continuous debate. The introduction of the Tyrosine Kinase 
Inhibitors (TKIs) in clinical practice has dramatically changed the prognosis of CML patients; in 
fact, patients diagnosed in chronic phase can reasonably expect many years of excellent disease 
control and good quality of life, as well as a normal life expectancy, including the necessity to 
address issues relating to fertility and pregnancy. Physicians are frequently being asked for advice 
regarding the need for, and/or the appropriateness of, stopping treatment in order to conceive. In 
this report, we will review the data published in terms of fertility, conception, pregnancy, 
pregnancy outcome and illness control for TKI treated CML patients, as well as how to manage a 
planned and/or unplanned pregnancy.   

Introduction. The hybrid BCR-ABL gene and its 
tyrosine kinase constitutionally active recombinant 
fusion protein (p210 BCR-ABL) deriving from the 
reciprocal translocation between chromosomes 9 and 
22 is associated with the clinical development of 
chronic myeloid leukemia (CML).1-2 This fusion results 
in the expression of two forms of protein-tyrosine 
kinases: p190 (BCR-ABL) and p210 (BCR-ABL) with 
subsequent dysregulation of intracellular signaling that 
drive cells to enhanced proliferative capability and 
resistance to apoptosis. 

The presence of this well defined pathogenetic 
defect at the molecular level led to the development of 
Imatinib, a tyrosin kinase inhibitor able to block the 

BCR-ABL aberrant molecule, thus shutting down the 
leukemia phenotype.3-4 

Imatinib (Glivec, Novartis), is the first of a series of 
tyrosin kinase inhibitors (TKIs), a group of drugs used 
to manage patients with chronic myeloid leukemia 
(CML) through the competitive ATP inhibition at the 
catalytic binding site of the bcr-abl protein.5 The 
second and third generation TKIs include Nilotinib 
(Tasigna, Novartis), Dasatinib (Sprycel, Bristol Myers 
Squibb), Bosutinib (Bosulif, Pfizer), and the recently 
approved Ponatinib (Iclusig, Ariad Pharma). 

The introduction of TKIs in clinical practice has 
dramatically changed the prognosis of CML patients. 
Data derived from first line therapy (IRIS Study) at 7 
years follow up, confirmed one year later, reports 
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Table 1. Outcome in 265 described pregnancies in CML Imatinib-treated patients. 

Pregnancy outcome Total number 
N=265 

(%) with known outcome  
N=210 

Real % (excluding elective termination 
with no known problems) 

Normal Live Infant 128 60% 
(210 pregnancies) 

77% 
(167 pregnancies) 

Elective Termination 43 20% excluded 

Fetal Abnormality 15 7% 9% 

Spontaneous Abortion 24 11% 14% 

Unknown 55 0 0 

 
1st trimester (wks 6-12), 12 during 1st and 3rd,14-31 and 9 
throughout the pregnancy until delivery. One stillbirth 
presented with congenital malformations and one baby 
died without malformations after one week after an 
apparently uneventful pregnancy. In this series, the 
authors reported as adverse event 2 babies born 
prematurely with low birth weight. Finally, three 
spontaneous abortion and 3 elective abortions were 
recorded.  

Table 1 summarizes 167 of a total 210 Imatinib 
female pregnancies published and/or observed in our 
Institution with sufficient data and follow up. Within 
those 167 pregnancies, 128 were uneventful (77%), 
while 24 ended in spontaneous abortion (14%), a 
percentage slightly higher compared to the normal 
population (10-12%).17 Fifteen/167 (9%) presented 
with abnormalities, including one referred to a 
concomitant drug (warfarin syndrome). All patients in 
this group were exposed to Imatinib during 
organogenesis (>5wk gestation).  

Finally, although most pregnancies exposed to 
Imatinib may have a successful outcome, a significant 
proportion of drug-related serious fetal malformations 
and a slightly higher risk of spontaneous abortion 
remain at risk. For this reason, pregnancy should not be 
avoided, but planned. 

Nilotinib in men: Little is reported regarding 
conception during Nilotinib treatment. One case from 
our Institute (unpublished data) regards a 33 years male 
patient with CML enrolled in the GIMEMA NILIM 
trial (alternated Nilotinib/Imatinib), who wanted to 
conceive his 2nd child. He discussed the opportunity to 
delay therapy but, taking into consideration the 72 days 
necessary to complete gonads maturation process in 
male, we suggested conceiving in the first two months 
on Nilotinib therapy. He conceived after 40 days and 
had a healthy boy born at term. He is now 5 years old, 
regularly growing and healthy. 

The investigator brochure, ed.8 (June 2012) refers 
to a total of 36 cases of drug exposure via the father. 
One of these cases presented with fetal abnormalities 
ended in a therapeutic abortion. 

Nilotinib in woman: As for men, very little is 
reported for women getting pregnant while exposed to 
Nilotinib. Two cases were published and indexed, and 
one more case was reported by an Italian institution. 
The firstly published case regards a 30-year-old woman 
with chronic myeloid leukemia who became pregnant 
twice successfully. Philadelphia-positive CML in its 
chronic phase was diagnosed at 16 weeks of her first 
gestation and received no treatment throughout her 
pregnancy. At 38 weeks of gestation, a normal infant 
was delivered by cesarean section. Two years later, 
while, in major molecular response (MMR) on 
Nilotinib 200 mg bid, she became pregnant again. The 
unplanned pregnancy was identified during her first 
trimester of gestation after the patient had experienced 
7.4 weeks of amenorrhea. The patient was informed of 
the potential fetal toxicities of therapy, but decided to 
carry on her pregnancy. Nilotinib was stopped, and no 
further treatment was given until delivery. A follow-up 
with ultrasound scans during the course of the 
pregnancy was unremarkable. At gestational week 33, 
she delivered via cesarean section a healthy male baby 
weighing 3.2 kg. He was breast-fed for 2 months and at 
5 months post-partum, the child was healthy and 
normally developing..20 

The second case was reported by the French 
intergroup of CML.21 It regarded a 38 years female 
who got her 5th pregnancy while on Nilotinib. 
Treatment was stopped when pregnancy was 
discovered, and replaced by Interpheron-a. Three 
months ultrasound showed a big omphalocele ending 
into the pregnancy interruption.  

The other case, unpublished, was reported in Italy: a 
41 years female resistant to Imatinib, switched to 
Nilotinib 400 bid, achieving MMR after 3 months, and 
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IMATINIB	



FERTILITA’ E TKIs 
TKIs NELL’UOMO 

FEMMINA NILOTINIB	

•  DATI	MOLTO	SCARSI	
•  50	 CASI	 DI	 GRAVIDANZE	 (45	 DELLE	 QUALI	
APPARTENENTI	 AL	 NILOTINIB	 INVESTIGATOR’S	
BROCHURE)	

•  3	 CASI	 DI	 MALFORMAZIONI	 (1	 ONFALOCELE,	 2	
TRASPOSIZIONI	 DI	 GROSSI	 VASI	 IN	 PARTO	
GEMELLARE)	



FERTILITA’ E TKIs 
TKIs NELL’UOMO 

FEMMINA DASATINIB	

Figure 1. 
Pregnancy outcomes in dasatinib-treated women and the female partners of dasatinib-treated 
men. CNS, central nervous system; IUGR, intrauterine growth restriction. *One woman had 
both maternal issues during her pregnancy (IUGR 1 premature) and delivered an abnormal 
infant with hydrops fetalis.
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FERTILITA’ E TKIs 

STUDI	 PRECLINICI	 NELL’ANIMALE	 E	 LE	 ESPERIENZE	
NELL’UOMO	SUGGERISCONO	CHE:	
	
1)  	 LA	 TERAPIA	 CON	 TKIs	 NON	 SEMBRA	 MENOMARE	 LA	
CAPACITA’	 RIPRODUTTIVA	 DELL’INDIVIDUO	 SIA	 MASCHIO	
SIA	FEMMINA.	
	
2)	 NEL	 MASCHIO	 NON	 VI	 E’	 AUMENTATO	 RISCHIO	 DI	
EMBRIO	O	 FETO-TOSSICITA’	DA	 TKIs.	 (MA	 I	NUMERI	 SONO	
A N C O R A 	 R E L A T I V A M E N T E 	 P I C C O L I ! )	 L A	
CRIOPRESERVAZIONE	 DELLO	 SPERMA	 PRE-INIZIO	 DEL	
TRATTAMENTO	PUO’	ESSERE	VALUTATA.	



3)	 NELLA	 FEMMINA	 L’ESPOSIZIONE	 AI	 TKIs	 DOPO	 IL	
CONCEPIMENTO	 PUO’	 RISULTARE	 IN	 GRAVI	 MALFORMAZIONI	
DEL	 FETO	 E	 IN	 ABORTO	 SPONTANEO,	 LA	 CUI	 INCIDENZA	
DIPENDE	 DALLA	 DOSE	 DEL	 FARMACO	 E	 DAL	 PERIODO	 DELLA	
GESTAZIONE.		
NECESSITA’	DI	CHIARA	INFORMAZIONE	ALLA	DIAGNOSI	CIRCA	IL	
RISCHIO	 PER	 IL	 FETO	 IN	 CASO	 DI	 GRAVIDANZE	 NON	
P ROGRAMMAT E	 E	 P E R	 L A	 MADR E	 I N	 C A S I	 D I	
DISCONTINUAZIONE	DEL	TRATTAMENTO.		
VA	 INCORAGGIATA	 L’ADOZIONE	 DI	 EFFICACI	 METODI	
CONTRACCETTIVI,	 SOPRATTUTTO	 PER	 I	 PRIMI	 2	 ANNI	 DI	
TERAPIA	CON	TKIs,	PER	PERMETTERE	IL	RAGGIUNGIMENTO	E	IL	
CONSOLIDAMENTO	DELLA	MIGLIORE	RISPOSTA	DELLA	LMC.		



FERTILITA’ E TKIs 

GRAVIDANZA 

3	DIVERSE	SITUAZIONI:	
	
•  PAZIENTE	IN	GRAVIDANZA	SCOPRE	DI	AVERE	LA	
LMC	

	
•  PAZIENTE	 CON	 LMC	 PROGRAMMA	 UNA	
GRAVIDANZA	

	
•  PAZIENTE	CON	LMC	HA	UNA	GRAVIDANZA	NON	
PROGRAMMATA	



FERTILITA’ E TKIs 

TKIs E GRAVIDANZA 

•  LA	LMC	NON	MODIFICA	IL	DECORSO	DELLA	GRAVIDANZA,	NE’	LA	
GRAVIDANZA	MODIFICA	IL	DECORSO	DELLA	LMC.	

	
•  TKIs	NON	DEVONO	ESSERE	UTILIZZATI	DURANTE	LA	GRAVIDANZA	

SPECIALMENTE	DURANTE	IL	PRIMO	TRIMESTRE.	
	
•  NILOTINIB	 E’	 FRA	 I	 DIVERSI	 TKIs	 QUELLO	 “MENO	 TOSSICO”,	

POICHE’	 NON	 ATTRAVERSA	 LA	 PLACENTA	 A	 SIGNIFICATIVE	
CONCENTRAZIONI		E		SEMBRA	ESSERE	MENO	TERATOGENO.	

	
•  IMATINIB	E’	UNA	MOLECOLA	ALTAMENTE	LEGATA	ALLE	PROTEINE	

PLASMATICHE	 E	 HA	 UN	 PESO	 MOLECOLARE	 MOLTO	 ELEVATO,	
CHE	DOVREBBE	LIMITARE	IL	PASSAGGIO	PLACENTARE.	



Ali	R.	et	al	Arch	Gynecol	Obstet	2009		



FERTILITA’ E TKIs 

TKIs E GRAVIDANZA 
•  DASATINIB	 ATTRAVERSA	 LA	 PLACENTA	 IN	 QUALSIASI	 PERIODO	

DELLA	GESTAZIONE	E	SI	ASSOCIA	AD	UN	IMPATTO	SFAVOREVOLE	
SUL	NASCITURO.	

Figure 1. 
Pregnancy outcomes in dasatinib-treated women and the female partners of dasatinib-treated 
men. CNS, central nervous system; IUGR, intrauterine growth restriction. *One woman had 
both maternal issues during her pregnancy (IUGR 1 premature) and delivered an abnormal 
infant with hydrops fetalis.
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FERTILITA’ E TKIs 

TKIs E GRAVIDANZA 

•  NESSUN	 TIPO	 DI	 TKI	 DOVREBBE	 ESSERE	 USATO	 IN	
GRAVIDANZA	

	
•  IN	CASO	DI	ASSOLUTA	NECESSITA’:	
Ø MAI	DASATINIB	
Ø IMATINIB	SOLO	A	PARTIRE	DALLA	14a		SETTIMANA	
Ø NILOTINIB	 EVENTUALMENTE	 ANCHE	 NEL	 PRIMO	
TRIMESTRE	



FERTILITA’ E TKIs 

ALTRI FARMACI PER LMC IN GRAVIDANZA 

IFN 

ONCOCARBIDE 

LEUCOAFERESI 

•  NON	 ATTRAVERSA	 LA	 PLACENTA	 A	 CAUSA	 DEL	 SUO	
ELEVATO	PESO	MOLECOLARE	

•  NON	E’	 TERATOGENO	NE’	 IN	VITRO	NE’	 IN	VIVO	SUL	
TOPO	E	SUL	CONIGLIO	

•  LA	 FORMA	 PEGILATA	 E’	 CONTROINDICATA	 A	 CAUSA	
DEL	 POSSIBILE	 DANNO	 DA	 ACCUMULO	 DI	
POLIETILENGLICOLO	

•  EMBRIOTOSSICA	 E	 TERATOGENA	 IN	 VARIE	
SPECIE	ANIMALI	

•  DA	 UTILIZZARE	 IN	 GRAVIDANZA	 CON	
GRANDE	 CAUTELA,	 MEGLIO	 SOLO	 NEL	 3°	
TRIMESTRE	

•  SE	 GLOBUL I	 B IANCHI	 >	 200 .000 ,		
ASSOCIATA	AD	IFN	



FERTILITA’ E TKIs 

•  PIANIFICAZIONE	DELLA	GRAVIDANZA	
•  IN	CASO	DI	RAGGIUNGIMENTO	DI	UNA	MMR	STABILE,	DI	
DURATA	ALMENO	PARI	A	 24	MESI,	 LA	 TERAPIA	 CON	 TKI	
PUO’	 ESSERE	 DISCONTINUATA	 IN	 FUNZIONE	 DELLA	
GRAVIDANZA	

•  IL	 TKI	 DOVREBBE	 ESSERE	 STOPPATO	 IMMEDIATAMENTE	
PRIMA	 O	 DOPO	 IL	 CONCEPIMENTO,	 MEGLIO	
ALL’OVULAZIONE.	DA	RI-ASSUMERE	 IN	 CASO	DI	 RIPRESA	
DELLE	MESTRUAZIONI	

•  MONITORAGGIO	 DELLA	 RT-PCR	 QUANTITATIVA	 A	
CADENZA	MENSILE		

•  IN	CASO	DI	 PERDITA	DELLA	RISPOSTA,	DA	CONSIDERARE	
IFN	



FERTILITA’ E TKIs 

•  GRAVIDANZA	NON	PROGRAMMATA	
•  IMMEDIATA	INTERRUZIONE	DEL	TKI	
•  VALUTAZIONE	 DELLA	 SETTIMANA	 DELLA	
GESTAZIONE	E	DEL	TIPO	DI	TKI	UTILIZZATO	

•  M O N I T O R A G G I O 	 A C C U R A T O	
DELL’ANDAMENTO	DELLA	GRAVIDANZA	

•  IFN	PUO’	ESSERE	CONSIDERATO	LUNGO	TUTTO	
IL	PERIODO	DI	GESTAZIONE	
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