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OVERALL SURVIVAL OF PATIENTS
2016 -2017

Children’s Hospital Brescia

�� PATIENTS 
TRANSPLANTED
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Cytotoxic T lymphocyte antigen 4 
(CTLA- 4)deficiency

• Autosomal dominant with incomplete penetrance
• Heterozygous loss of function mutations �

• Complex immune dysregulation syndrome 
• Disrupted T and B cell homeostasis 
• Lymphoproliferation and lymphadenopathy, 

organ infiltration, 
• Autoimmune cytopenias 
• Enteropathy 
• Hypogammaglobulinaemia; 

• other : 
• Granulomatous interstitial lung disease
• Respiratory infections, 
• Skin diseases, 
• Autoimmune thyroiditis
• Arthritis  Kuehn HS, et al. Science 2014;345:1623 

Schubert D, et al. Nat Med 2014;20:1410



CTLA-4 deficiency HSCT
Slatter et al. J Allergy Clin Immunol 2016 138 (2):  615-

619 

• 8 patients in 3 centres: Newcastle upon Tyne, UK (4 ), Royal 
Manchester Children’s Hospital, UK (1), University of 
Washington and Seattle Children's Hospital, USA (3) .

• Cytopenias 7 FH 7
• Lymphadenopathy 3 Enteropathy 5
• Interstitial lung disease/bronchiectasis 3 Arthritis  2
• Other – diabetes, vitiligo, alopecia, pancreatic ins ufficiency
• Recurrent infections
• All steroids, calcineurin inhibitor, 6 RTX
• Infliximab, adalimumab, alemtuzumab, sirolimus
• 1 belatacept  (soluble CTLA4 fusion proteins - abatacept and 

belatacept, bind to shared ligands CD80 and CD86 an d inhibit 
immune activation)* 

*Lo B, Zhang K …Jordan MB. AUTOIMMUNE DISEASE. Patie nts with LRBA deficiency show CTLA4 loss and 
immune dysregulation responsive to abatacept therap y. Science. 2015 Jul 24;349(6246):436-40



CTLA-4  Transplant Characteristics

Patient/

Gender

Age at 
HSCT 

(Years)

Year of 
HSCT

Conditioning Donor source/
HLA matching

GVHD 
Prophylaxis

GvHD Chimerism Outcome/
Follow up

1  M 16 2010 Alem, Flu, Treo PBSC
10/10

MMF/CSP None CD3+  90%
CD19+  95%
CD15+ 96%

Alive and well
4.75 years

2  M 15 2008 Alem, Flu, Mel PBSC
10/10

MMF/CSP Acute Grade IV 
gut

100% Died 
4 months 
(GvHD)

3   F 10 2005 Alem, Flu, Mel BM
10/10

CSP None 100% Alive and well
10.2 years

4 M 17 2015 Alem, Flu, Treo, 
Thio

BM
10/10

MMF/CSP Flare of 
autoimmune 
colitis D+2 -
+10. Rx M/P 
and belatacept.

100% Alive and well, 
3.5 months

5  M 20 2008 Alem, Flu, Mel PBSC
10/10

MMF/CSP Acute Grade II 
skin

100% Died 
2.5 years 
(DKA)

6  M 17 2013 Flu, TBI PBSC
10/10

MMF/CSP Acute Grade III 
skin and gut 
resolved
Chronic Oral 
and ocular 
GvHD.  

CD3+  100%
CD19+  100%
CD56+  100%
CD33+  100%

Alive and well 
2.0 years

7 F 30 2011 rATG, Flu, Treo BM
10/10

MTX/TAC Acute Grade II 
skin and gut 
GVHD resolved
Chronic oral 
and skin GVHD 
resolved

CD3+ 100%
CD33+ 100%

Alive and well
4 years

8 F 32 2015 Flu, TBI PBSC
10/10

MMF/CSP None.  CD3+  85%
CD56+  100%
CD33+  100%

Alive and well
4 months



CTLA-4 deficiency HSCT

• TRM 1/8 (12.5%)  OS 6/8 75%
• Problems such as IDDM not solved
• 5 of 8 patients experienced GvHD despite 

having well-matched donors
• Strategy for preventing GvHD
• Role of soluble CTLA -4 fusion proteins 

(abatacept and belatacept) bind to CD80 
and CD86 and inhibit immune activation?

• Which patients for HSCT?
• Optimal timing of HSCT?
• Long -term outcome post-HSCT?



PI3K-�  phosphatidylinositol 3-kinase �  
syndrome (APDS Activated p110 �  

syndrome)

• PID usually due to mutations preventing T cell 
activation or differentiation

• Gain of function mutations in pathway involving T 
cell activation
– Accumulation effector T cells
– Poor Thymic output
– �  T regulatory cells
– Accumulation immature B cells
– Lack CSM B cells



PI3K-�  syndrome 

• Recurrent respiratory infections, 
bronchiectasis, Human herpes virus 
infections, autoimmunity, 
Lymphoproliferation/lymphoma

• Neurodevelopmental problems. 
• Variable lymphopenia, � IgM and impaired 

vaccine responses, 
• � naïve and � senescent T cells with reduced 

proliferative capacity



PI3K-�  syndrome HSCT
Nademi Z. 2017 J Allergy Clin Immunol. 139 

(3) 1046-1049
• 11 patients in 6 centres: Newcastle upon Tyne, UK ( 3); London, UK (1); 

Paris, France (3); Lyon, France (1); Moscow, Russia  (1 ); Bydgoszcz , 
Poland  (1) San Francisco, USA (1)

•
FH - 4 hypogammaglobulinemia, malignancy or recurren t infections in 
1 of their relatives

• Infection - All recurrent episodes sino-pulmonary in fection – 4 
bronchiectasis. 4 viral skin infections - molluscum,  herpetic skin 
lesions or warts. 6 Herpes viraemia. 2 cryptosporid ium infection �  
hepatic fibrosis. 

• Lymphadenopathy and hepatosplenomegaly in 8. 
• Autoimmunity GI - 4 enteropathy, colitis or lymphoid  proliferation and 

intestinal obstruction requiring hemicolectomy. 
• Renal – 1 glomerulonephritis with positive anti DNA antibodies and 

another kidney histology showed sclerosis.
• Malignancy – 1 malignant lymphoma 
• 5 immunosuppression (steroid +/- sirolimus) before H SCT. 



PI3K-�  Transplant Characteristics
Patient/

Gender

Age at HSCT 
(Years)

Conditioning Donor source/
HLA matching

GVHD 
Prophylaxis

GvHD Chimerism Outcome/
Follow up

1 M 16 Alem, Flu, Treo PBSC MUD
10/10

MMF/CSP Acute Grade II 
skin 

100% Alive and well

2 M 8 Alem, Flu, Treo PBSC MMUD
7/10

MMF/CSP Acute Grade I 
skin

100% Alive and well 

3 M 6 Alem, Flu, Treo PBSC MUD
10/10

MMF/CSP Acute Grade II 
skin

CD3+ 38%
CD15+ 18%

Alive. 
Disease 
recurrence

4 M 7 Alem, Flu, Mel PBSC MUD
10/10

MMF/CSP None.  CD3+  98%
CD15+  95%

Alive and well

5 M 9 Alem, Mel, Flu, 
TT

PBSC MUD
10/10

Tac/MTX None CD3+ 88%
CD15+ 100%

Alive and well

6 M 7 Bu, Flu, ATG MSD BM MMF/CSP Acute gut grade 
I

99% Alive and well

7 M 5 Treo, Flu, RTX PBSC MUD
10/10

MMF/Abatacept Acute Grade II 
skin

99% Died D+75
CMV/ADV

8 M 10 Mel, Flu, ATG MMUD Cord CSP/Steroid Acute Grade I 
skin

100% Alive and well

9 F 13 Bu/Cyclo MSD BM CSP/MTX Acute Grade II 
skin

100% Alive and well

10 F 8 Mel, Flu, ATG MSD BM CSP Acute liver 
Grade I

26% Alive 

11 M 18 Bu/Cyclo MSD PBSC MMF/CSP Acute skin 
Grade I

100% Died IPS



PI3K-�  syndrome HSCT

• 9 (81%) alive (follow up 6 m - 16 yr)
• Patient 7  died D+ 75 days - renal, 

respiratory failure post CMV and 
adenovirus 

• Patient 11 died D+ 70 days - idiopathic 
pulmonary syndrome and respiratory 
failure

• What level of chimerism needed?



PI3K-�  syndrome

• Which patients for rapamycin/other inhibitors 
of PI3K (GS -1101, IC87114) and mTOR?

• Which patients for HSCT?
• Optimal timing of HSCT?
• Long-term outcome post-HSCT?
• Prospective patient registry 

(http://esid.org/Working-
Parties/Registry/Studies/APDS -Registry)  
identify patients who will benefit from an 
early HSCT



STAT 1 GOF (Signal transducer and 
activator of transcription 1 gain of function)

Julie Toubiana, Satoshi Okada et al.  
Blood 2016 Jun 23;127(25):3154-64

• Autosomal dominant STAT1 GOF – most common genetic 
cause of inherited CMC

•    Variety of infectious and autoimmune features 
• 274 patients from 167 kindreds originating from 40 countries
• Enhanced autoimmunity of patients with STAT1 GOF mutations 

is likely to result from stronger IFN- � /�  signaling (some of 
these autoimmune features are observed in patients treated 
with recombinant IFN- �  (e.g.thyroiditis) and in patients with 
type I interferonopathies e.g. SLE)

• Heterozygous STAT1 gain-of-function mutations underlie an 
unexpectedly broad clinical phenotype



STAT 1 GOF 
Julie Toubiana, Satoshi Okada et al.  
Blood 2016 Jun 23;127(25):3154-64

• • Severe complications = 
Invasive infections, 
aneurysms, tumours



HSCT in patients with Gain of Function STAT1 

Mutation (JACI 2018; 141:704-717.e5)
• 14 pts from 12 centres All had heterozygous missense  

mutations in either the coiled-coil or DNA-binding domain of 
STAT1 

• Fungal infection CMC 11 - nails, skin, oral mucosa, and 
intestinal tract. Aspergillosis 3, Candidemia 1, Cryp tococcal
meningitis 1

• Bacterial infection common. Bronchiectasis 2
• Viral infection common
• NTMB 2
• Autoimmunity  10, 5 - IPEX-like syndrome. Type 1 dia betes 

mellitus, thyroiditis, autoimmune neutropenia, hemo lytic 
anemia, growth hormone deficiency. Vitiligo, hypoth yroidism, 
antiphospholipid syndrome, pernicious anemia, autoim mune 
hepatitis. 

• Refractory HLH 2 at time of HSCT led to death
• Hypogammaglobulinaemia 8
• T cell lymphopenia 8   - absent TRECS when measured.



STAT 1 GOF HSCT 
Jennifer Leiding



STAT 1 GOF HSCT

• 6 alive - 8 died (OS 43%)
• Poor condition at HSCT, older age, myeloablative co nditioning 

did badly
• Of 6 survivors 2 secondary graft loss, 1 very low c himerism – 1 

retransplant successfully so far
• GOF-STAT1 mutations preferentially observed in the DNA-

binding domain (9 of 14) suggesting that mutations in this 
region are associated with worse infections, autoim munity, 
and immunodeficiency ? early consideration HSCT.

• Immunosuppression to treat the autoimmune phenomena  may 
cause exacerbation of infections. 

• Ruxolitinib, a Janus kinsase (JAK) family tyrosine kinase 
inhibitor, targeting the JAK-STAT1 pathway has been  used to 
successfully treat CMC and alopecia areata in a pat ient with 
GOF-STAT1 mutation (Higgins E, Al Shehri T, et al. JACI 
2015;135(2):551-3)



Conclusions

• When (+Who)? 
• Earlier is better – but do all need it?
• Treat the phenotype not the genotype
• Need more data

– Non-transplant + transplant cohorts
– Complications
– Longterm outcomes
– Quality of life



Conclusions

• Conditioning:

– Low toxicity myeloablative

– Use of small molecules/biologics as 
bridge to HSCT?



HSCT Unit

Fulvio Porta
Elena Soncini
Giulia Carracchia
Enzo Pintabona
Marianna Maffeis
Rosanna Ceresoli

Clinical and Research Laboratory
Arnalda Lanfranchi

Federica Bolda
Alessandra Beghin

Marta Comini
Renata Baffelli
Michela Zucch
Paola Clerici



GRAZIE PER L’ATTENZIONE


