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Oncofertility   

Oncofertility is a subfield of medicine that bridges 
oncology and reproductive research to explore and 
expand options for the reproductive future of cancer 
survivors. 

 In a broader dimension it also includes cancer occurring 
during pregnancy. 
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Berry DL et al; JCO 1999 

Epidemiology of gestational breast cancer (GBC) 

1/3.000 pregnancies 



 

-    137.000.000 deliveries every year worldwide  
- Around 46.000 new cases of GBC worldwide 
- Around 200 new cases of GBC in Italy 
 

Impact on practice 

WHO facts and figures www.who/whr/2005 



Pregnant Cases 
N = 65 

Controls 
N = 130 

Age (years) 

< 35 
35-39 
≥ 40 

20 (30.8) 
33 (50.8) 
12 (18.5) 

41 (31.5) 
61 (46.9) 
28 (21.5) 

Median 36 (28-47) 36 (28-47) 

Year of Surgery 

1996 - 2003 
2004 - 2005 
2006 - 2008 
2009 - 2010 

16 (24.6) 
20 (30.8) 
16 (24.6) 
13 (20.0) 

37 (28.5) 
35 (26.9) 
36 (27.7) 
22 (16.9) 

Median 2005 2005 

pT 

1a-b 
1c 
2 
3 
X 

5 (7.6) 
21 (32.3) 
31 (47.7) 
6 (9.2) 
2 (3.1) 

10 (7.6) 
42 (32.3) 
62 (47.7) 
12 (9.2) 
4 (3.1) 

pN 

pN0 
pN1 
pN2 
pN3 
pNx 

28 (43.1) 
19 (29.2) 
10 (15.4) 
6 (9.2) 
2 (3.1) 

56 (43.1) 
38 (29.2) 
20 (15.4) 
12 (9.2) 
4 (3.1) 

Azim HA Jr et al; Acta Oncol 2012 

Clinical characteristics of GBC 



Estrogen 
Receptor 

Present 
Absent 

43 (66.1) 
22 (33.9) 

98 (75.4) 
32 (24.6) 

0.175 

  Progesteron 
    Receptor 

Present 
Absent 

42 (64.6) 
23 (35.4) 

87 (66.9) 
43 (33.1) 

0.748 

Grade 
1 
2 
3 

4 (7.5) 
18 (34.0) 
31 (58.5) 

4 (3.6) 
43 (39.1) 
63 (57.3) 

0.503 

Ki-67 % 
< 20 
≥ 20 

18 (28.6) 
45 (71.4) 

30 (23.4) 
98 (76.6) 

0.442 

Her2/neu 
Negative 
Positive 

54 (83.1) 
11 (16.9) 

103 (81.1) 
24 (18.9) 

0.737 

Perivascular 
Invasion 

Absent  
Present 

31 (47.7) 
34 (52.3) 

70 (55.1) 
57 (44.9) 

0.330 

Molecular 
subtypes 

Luminal A 
Luminal B 
Her2/Neu 
Triple Negative 

8 (12.3) 
37 (56.9) 
6 (9.2) 

14 (21.5) 

13 (10.3) 
82 (65.1) 
4 (3.2) 

27 (21.4) 

0.306 

Pregnant Cases 
N = 65 

Controls 
N = 130 

p 

Azim HA Jr et al; Acta Oncol 2012 

Biological characteristics of GBC 



Luminal-A 

Basal 

Luminal-B 

HER2 

 
Aggressive biology 
Advanced stages 

= 
MANY PATIENTS NEED 

CHEMOTHERAPY ! 
 

 

Biological and Clinical features of GBC 
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Aggressive biology 
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MANY PATIENTS NEED 
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HORMONAL TREATMENT 
TRASTUZUMAB  

 

Biological and Clinical features of GBC 



 
 

Gestational chemotherapy 

  

CRITICAL FACTORS 

Gestational age  

Drugs administered 

Effects on pregnancy & fetus 

Effects on newborn & children 

 

 

 



Cardonick E & Iacobucci; Lancet Oncol 2004 

Gestational age  



Gestational age 

First trimester 

Malformation rate 20% 

Cardonick E & Iacobucci; Lancet Oncol 2004 



Ring, 2005 Hahn, 2006 Peccatori, 2009 Loibl, 2012 

Study type Retrospective Prospective Prospective Prospective 

Multicentric Monocentric Monocentric Registry 

N. 28 57 20 197 

Regimen A(E)C=16 
CMF=12 

FAC (100%) Weekly E (100%) A-based=178 
A(E)C (n=55)  
Taxane=14 
CMF=15 
 

Median gestational W at 
chemo 

W20 (15 – 33) W23 (11 – 34) W19 (16 – 30) W24 (NR) 

Median gestational W at 
delivery 

W37 (30 – 40) W37 (29 – 42) W35 (28 – 40) W37 (32 – 42) 

Congenital malformations 0 3/57 (5%) 1/20 (5%) 8/179 (4.5%) 

Ring A et al; JCO 2005, Hahn et al; Cancer 2006 
Peccatori F et al; BCRT 2009, Loibl S et al; Lancet Oncol 2012 

Drugs administered: anthraciclines 



Mir O et al; Ann Oncol 2010 
Cardonick E et al; Ann Oncol 2012 

Number 55 

- Breast cancer 

- Other 

39 

16 

 

- Paclitaxel 

- Docetaxel 

- Both  

33 

19 

3 
 

Neonatal outcome 

- Mean Gestational age at delivery 

- Foetal weight 

- Early preterm delivery 

- Foetal complications  

- Foetal malformations 

 

W 36 

2400 g 

1 (2%) 

Anaemia (n=1), neutropenia (n=1) 

Pyloric stenosis (n=1) 

Drugs administered: taxanes 



van Calsteren et al; Acta Obstet Gynecol 2011 
van Calsteren et al; Gynecol Oncol 2011 

Number Drug detected in fetus (n) % drug detected in fetus 

Doxorubicin 15 6 7.5 ± 3.2  

Epirubicin 11 8 4.0 ± 1.6  

Paclitaxel 11 7 1.4 ± 0.8 

Docetaxel 9 0 0 

Cyclophosphamide 4 3 25.1 ± 6.3 

Carboplatin 7 7 57.5 ± 14.2 

PACLITAXEL EPIRUBICIN 



  Effects of gestational chemotherapy  
on pregnancy and fetus 

Loibl et al; Lancet Oncol 2012 



  Effects of gestational chemotherapy  
on newborn 

Loibl et al; Lancet Oncol 2012 



Lancet Oncology 2012 

Long term effects of gestational chemotherapy 
on children 



  

 Child’s behavior, general health, hearing and growth was 
reported as in a general population 

Most of the children have an age-adequate neurological 
development (intelligence, attention, memory) and 
cardiac function 

 Prematurity was frequently encountered, and was 
associated with impairment in cognitive development 

 

 

Long term effects of gestational chemotherapy 
on children 
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IQ score increases with 2.5 (95% CI:1.2-
3.9) for each week increase in pregnancy 
duration (p= 0.0003). 

Long term effects of gestational chemotherapy 
on children 



Case control study on pediatric outcome after 
gestational cancer 





Peccatori FA, Corrado G, Fumagalli M. Nat Rev Clin Oncol 2015 



Take home messages 
  

Gestational breast cancer is not so rare and shares clinical 
and biological characteristics of breast cancer in young 
women 

 Anthracycline and taxane-containing chemotherapy can 
be safely administered after the first trimester 

Gestational chemotherapy should be administered where 
true multidisciplinarity is available 

 The kids are all right (after gestational chemotherapy) 

 

 

 



Conclusions  
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47% of young patients with breast cancer want a baby 

  
  

Fertility concerns of breast cancer patients 



515 ER+ patients <45 y/o in whom TAM was indicated 

149 (28.9%) did not start or discontinued TAM 

Fertility concerns associated with: 

Non initiation   (OR 5.04, 95%CI=2.29-11.07) 

Early discontinuation  (HR 1.78, 95%CI=1.09-3.38) 

Fertility concerns of breast cancer patients 



Stensheim et al; Int J Cancer 2011 

Analysis adjusted for 
education level,  
previous pregnancy 
age 

0.0 0.5 1.0 1.5

Breast cancer

Epithelial ovarian cancer

Cervical cancer

Acute leukemia

Germ cell tumors

Brain tumors

All cancers

Hodgkin's lymphoma

Non-Hodgkin's lymphoma

Melanoma

Thyroid cancer

Pregnancy rate after cancer: not all alike  



Low pregnancy rate 

 Fear of pregnancy 

 Relatively “old” premenopausal 

Gonadotoxicity of chemotherapy 

 Prolonged endocrine treatment 

 Low rate of fertility preservation 

 

 







Safety: meta-analysis   



All studies, 41% risk reduction 

Safety: meta-analysis   



Safety: multicenter study in ER+/ER- 

http://jco.ascopubs.org/content/current


Retrospective, multicenter cohort study (7 Institutions)  
 
Primary endpoint:      DFS ER+ pts. 
(Two sided test a= 5% , b=20%, 226 events 645 pts for HR 0.65)  

 
Secondary endpoints:          DFS in ER- pts., OS  
 
Subgroup analysis:   DFS according to time of  preg 
     DFS according to breastfeeding  

Safety: multicenter study in ER+/ER- 

http://www.jco.org/current.shtml


 

333 cases with pregnancy after breast cancer 
 
874 non pregnant controls   
matched for ER, stage, adjuvant treatment, age, year at diagnosis  

 
Median follow-up from date of conception: 4.7y  

35% of patients were histological grade III 

40% of patients were node-positive 

80% of patients received adjuvant chemo 

Safety: multicenter study in ER+/ER- 

http://www.jco.org/current.shtml


 HR 0.91 (95%CI 0.67-1.24) 

Safety: relapse free survival in ER+ 

http://www.jco.org/current.shtml


HR 0.72 (95%CI 0.54-0.97) 

Safety: overall survival in ER+ and ER- 

http://www.jco.org/current.shtml


Frequently asked questions 

What is the risk of chemotherapy-induced infertility ? 

Is there anything we can do to reduced it? 



Assessing the risk of infertility 

CRITICAL FACTORS: 
 
Drugs administered (schedule and dosage) 

 Age at diagnosis (oocyte quantity and quality) 

 Age at pregnancy (treatment duration) 

 

http://www.savemyfertility.org/pocket-guides 

http://www.fertilehope.org/tool-bar/risk-calculator-women-type.cfm 

http://oncofertility.northwestern.edu/about-us 



Assessing the risk of infertility 

http://www.fertilehope.org/tool-bar/risk-calculator-women-type.cfm 

36 y/o N+ Luminal B tumor 
ECx4 ->wPTX x12 -> LHRHa+Exemestane x 5y 



(Wallace et al, Lancet Oncol 2005) 

Ovarian toxicity: drugs 

http://www.thelancet.com/journals/lancet/issue/current


Ovarian reserve 

Menopause 



Ovarian reserve at chemotherapy 

CHEMOTHERAPY 

Menopause 
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Ovarian reserve at chemotherapy 

CHEMOTHERAPY 

Menopause 



Ovarian reserve: AMH 



Kelsey et al, 2011 PLOS  

Ovarian reserve: AMH 



Treatment duration and ovarian ageing 

36 y/o N+ Luminal B tumor 
ECx4 ->wPTX x12 -> LHRHa+Exemestane x 5y 



Treatment duration and ovarian ageing 

36 y/o N+ Luminal B tumor 
ECx4 ->wPTX x12 -> LHRHa+Exemestane x 5y 



What can be done 
 

 Inform the patient about the risk of infertility 

 Consider egg/embryo freezing before chemotherapy 

 Consider LHRHa during chemotherapy 

 

 



2013 

Inform the patient about the risk of infertility 



Consider egg/embryo freezing before chemo 

Gonadotrophin administration 
Oocytes pick up 

 
         Oocytes freezing 

       IVF/ICSI and embryo freezing 



79 letrozole 
136 controls 

Controlled ovarian stimulation: safety 

Median FU 2 years 

http://www.jco.org/current.shtml
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FP=120 
Control=217 

Controlled ovarian stimulation: safety 



Consider LHRHa during chemotherapy 

Lambertini et 2015, Annals of Oncology 



Fixed effect  (I≤ = 47.1%, p = 0.026)

Sun (2011)

Song (2013)

Li Jw (2014)

Munster (2012)

Random effect

Karimi-Zarchi (2014)

Del Mastro (2011)

Badawy (2009)

Elgindy 2 (2013)

Elgindy 1 (2013)

Gerber (2011)

Author

Li M (2008)

Sverrisdottir 2 (2009)

Sverrisdottir 1 (2009)

Moore (2015)

0.34 (0.25, 0.46)

0.38 (0.06, 2.30)

0.50 (0.25, 1.03)

0.44 (0.04, 4.35)

1.09 (0.22, 5.52)

0.36 (0.23, 0.57)

0.05 (0.01, 0.29)

0.27 (0.14, 0.54)

0.06 (0.02, 0.20)

1.00 (0.25, 4.00)

0.76 (0.18, 3.25)

Odds

0.56 (0.19, 1.62)

Ratio (95% CI)

0.31 (0.11, 0.89)

2.03 (0.31, 13.27)

0.19 (0.04, 1.06)

0.30 (0.10, 0.87)

114/616

3/11

15/89

1/54

4/26

2/21

13/148

4/39

5/25

4/25

Events,

9/30

Treated

8/31

27/29

14/22

5/66

206/615

5/10

27/94

3/73

3/21

14/21

35/133

26/39

5/25

5/25

Events,

13/30

Controls

17/32

20/23

18/20

15/69

0.34 (0.25, 0.46)

0.38 (0.06, 2.30)

0.50 (0.25, 1.03)

0.44 (0.04, 4.35)

1.09 (0.22, 5.52)

0.36 (0.23, 0.57)

0.05 (0.01, 0.29)

0.27 (0.14, 0.54)

0.06 (0.02, 0.20)

1.00 (0.25, 4.00)

0.76 (0.18, 3.25)

Odds

0.56 (0.19, 1.62)

Ratio (95% CI)

0.31 (0.11, 0.89)

2.03 (0.31, 13.27)

0.19 (0.04, 1.06)

0.30 (0.10, 0.87)

114/616

3/11

15/89

1/54

4/26

2/21

13/148

4/39

5/25

4/25

Events,

9/30

Treated

8/31

27/29

14/22

5/66

  
1.01 .1 .5 1 2 8 14

Favors LHRHa / Favors Controls

Lambertini et 2015, Annals of Oncology 

Consider LHRHa during chemotherapy 



Take home messages 
         

 Chemotherapy may impair ovarian function.  
    Age, drug type and dosage are the critical factors 
         
 Early oncofertility counseling is essential for effective 

fertility preservation 
 
 Egg freezing before chemotherapy +LHRHa during 

chemotherapy can be used to improve results 
 
Dedicated research protocols for young women with 

cancer are warranted 

 



Conclusions 

Woodruff et al, JAMA Onc 2016; 2(2):171 



Grazie! 
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