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l Annual Number of HCT Recipients in the 
US by Transplant Type

l 2000                                                                                             2020



GRAFT-VERSUS-LEUKEMIA REACTIONS 
AFTER BONE MARROW TRANSPLANTATION

l Horowitz MM, Blood ’90; 75: 555 - 562

l 2254 patients;
• AL- 1CR
• CML – CP

• TCD 
• no TCD
• Twins
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Causes of death after allogeneic stem cell transplantation

aGVHD – 50% pts
Grade III – IV: 15 – 20% cGVHD – 40% pts

Severe: 15 – 20%



CLINICAL STAGE AND GRADE OF ACUTE GVHD

Stage Skin Liver GI
bilirubin diarrhoea

1 Maculopapular rash <25% body surface 2 - 3mg/dl 500 - 999ml/d
2 Maculopapular rash 25-50% body surface3.1- 6mg/dl 1000 – 1500ml/d
3 Maculopapular rsh >50% body surface 6.1 – 15mg/dl     >1500ml/d
4 Generalized erythroderma + bullous

formation and desquamation >15mg/dl severe abdominal
pain - ileus

Grade
I stage 1-2 without liver, GI
II stage 3 skin and/or stage 1 liver and/or stage 1 GI
III stage 2-3 liver and/or stage 2-3 GI with stage 0-3 skin and or stage 0-1 GI
IV stage 4 skin, liver, or GI

1.Skin

1. Intestine

1. liver



Response of 443 patients to steroids as primary therapy for acute GVHD: 
comparison of grading systems

Biol Blood Marrow Transplant ‘02; 8(7): 387

Initial aGVHD grade and overall response
to steroid

Initial aGVHD grade and probability
of survival 1yr after steroid therapy

P=.02

P=<.01

• 1181 pts (10yrs)
• 741 aGVHD (63.0%)
• 443 (60.0%) steroid therapy
• MAC transplant;
• MUD and sibling

1yr Mortality – multivariate analysis
• mismatched URD
• III – IV grade aGVHD
• lower GI aGVHD



• surface area >30m^2

• colonization >10^13 bacteria
• pH variation
• mechanical abrasion

• protection (environmental insults)

• uptake of nutrients



GRAFT VERSUS HOST DISEASE
Ferrara J, Lancet ‘09

Regime condizionamento

Mucosa intestinale

Sistema immunitario



• IDENTIFICATION AND CULTURE OF ISCs

• PANETH CELLs

• interaction MICROBIOMA  IMMUNE SYSTEM

• IDENTIFICATION OF SERUM BIOMARKERS

• NEW TREATMENT (TARGET THERAPY) 

Intestinal GVHD



• omeostasi
• danno mucosa;

• proliferazione/differenziazione;
• secrezione;



Paneth cell – PC (guardians of the crypt)

• microbicidal peptides;
• enzymes;
• growth factors; 

Lifespan 3 – 6 weeks

Plasticity

• interazioni cellulari
• dialogo ICS
• microbiota
• fattori crescita
• plasticita



TNFa PROLIFERAZIONE

DIFFERENZIAZIONE



VALUTAZIONE 
• QUANTITATIVA
• QUALITATIVA
• NON PREDITTIVA



Low Paneth cell numbers at onset of gastrointestinal GVHD identify patients
at high risk of NRM Levine JE et al; Blood ‘13; 122 (8) 1505

PCs count and grade GVHD PCs count and response to steroid

PCs count and NRM

Low count

High count

116 pts – aGVHD
Intestinal biopsies; 



Sensitivity to conditioning YES         YES      Unknown +/- modulated

Reduced in aGVHD YES          YES      Unknown YES           YES

Effect on aGVHD loss barrier may reduce      may prevent may dampen
functions aGVHD aGVHD aGVHD

Epithelial cell populations and aGVHD

ICS



Innate lymphoid cells (ILCs)

Treg
Cellule linfoidi innate (assenza riarrangiemento Ag specifico recettore

immunità innata e adattativa
integrità mucose)

• citofluorimetira
• fattori trascrizione
• citochine



IMC CELLULE CALICIFORMI PANETH CELLS

RISPOSTA A PATOGENI

RISPOSTA A DANNO TISSUTALE

CAPACITA’ RIGENERATIVA



Down – regolazione infiammazione



ILC3 -> 
- IL22: normal epithelial barrier
- antimicrobial products
- regulate T and B cell reactivity

ILC1 ILC3
Intestinal inflammation:
No swithced off  of autoregenerative
function

Healthy situation GVHD



Gut biogeography of the bacterial microbiota



Immunomodulation by commensal gut bacteria

Interazione:
• mucosa intestinale (donno mucosa);
• cellule dendritiche (donatore/ricevente)
• Ly (Treg) (donatore/rievente)
• citochine



Regulation of intestinal inflammation by microbiota following allogeneicBMT; JEM ‘12;
- GVHD intestinal inflammation: major shifts of microbiota; 
- Microbiota: can modulate the severity of intestinal GVHD;
- GVHD: loss of overall microbiota diversity;
- Increased microbial chaos: increased risk of aGVHD;
- Flora manipulation: may reduce intestinal inflammation and improve BMT outcome

GVHD disrupts intestinal microbial ecology by inhibiting Paneth cell production of
α-defensins; Blood ‘12

- α-defensins (PCs): antimicrobial peptides; 
- α-defensins: kill noncommensals; preserving commensls; 
- GVHD: reduction of - α-defensins
- molecular profiling (GVHD): overhelming expansion E. coli;

The effects of intestinal tract bacterial diversity on mortality following allogeneicHSCT; 
Blood ‘14;

- highly diverse bacterial population: modulate host inflammation;
- highly diverse bacterial population: promoto immune tolerance;
- lower vs intermediate vs high intestinal diversity: OS 36% vs 60% vs 67% (p=.019)
- multivariate analysys (TRM): lower intestinal diversity p=.014 



• Commensal microbe-derived butyrate
induces the differentiation of
colonic regulatory T cells;  
Nature ’13; 504 (7480): 446 – 450;

• Treg induction by a rationally selected
mixture of Clostridia strians
from the human microbiota;  
Nature ’13; 500 (7461): 232 – 236;

• Gut microbiome – derived metabolites
modulate intestinal epithelial
cell damage and mitigate GVHD; 
Nat Immunol ‘16; 17 (5): 505 – 13;

• microbial metabolites à mucosal immunity
• T cell àTregs
• butyrate: suppress T cell – medited intestinal damage
• GVHD à loss of butyrate
• tryptophan metabolites -> ILC3; IL22; ICS growth

• microbiota
• metaboliti
• profilassi/terapia



Microbiota disruption induced by early use of broad – spectrum antibiotics is an
independent risk factor of outcome after allogeneicSCT;  

• 621 pts;
• non TCD;
• early antibiotic treatment:day -7 -> 0
• late antibiotic treatment: day 0
• EAT: 236 (38.0%)
• LAT: 297 (48.0%)
• no antibiotic: 88 (14.0%)

Multivariate analysis TRM aGVHD
EAT <.001 .004
Age .004NS
PS .03 NS
Female donor .02 NS

Webe D et al; BBMT ‘17;

Antibiotic <day 0

No antibiotic

Antibiotic >day 0



GVHD pathophysiology

Early Late

Survival signal REG3α prevents 
crypt apoptosis to control
aGVHD disease; JCI ‘18; ; 

The IL-33/ST2 axis augments
effector T-cell responses during aGVHD; 
Blood ‘15; 125 (20)

IL-33/ST2

Reg3α

• upregolazione recettori anti-infiammatori
• rilascio citochine antiinfiammatore
• fattori crescita;
• Treg; CMI; cellule mesenchimali; ILC2, ILC3;

• upregolazione recettori anti-infiammatori
• rilascio citochine antiinfiammatore
• fattori crescita;
• Treg; CMI; cellule mesenchimali; ILC2, ILC3;X



Sperimental approaches to enhancing homeostatic mechanisms
in the GI tract during GVHD



Steroide 2mg/kg per 5 giorni poi a scalare
Ciclosporina → tacrolimus (se fegato)
Digiuno

SECONDA LINEA:
• ECP (se anche cute)
• INFLIXIMAB
• ETANERCEPT

RUXOLITINIB



309 patients
154 ruxolitinib
155 other (ATG, ECP; MSC; 

mTOR inhibitor; 
etanercept; infliximab

Infections
34 - 22.0% ruxolitinib
29 - 19.0% other group

Ruxolitinib for Glucocorticoid-Refractory Acute Graft-
versus-Host Disease Zeiser R et al. NEJM ’20; 



PI3K inhibitor

JAK inhibitor

MEK inhibitor

Aurora A 
kinase inhibitor

ROCK-1
inhibitor

CDK2
inhibitor

Cytokine – receptor
agonist Calcineurin

inhibitor
glucocorticoids

Inhibitors of cell
proliferation

mTOR
inhibitor

Classical
approaches

New preclinical
approaches

Second
line



• REG3A (antimicrobic protein)
• ST2 (IL33 receptor)

MAGIC biomarkers predict long-term outcomes for steroid-
resistant aGVHD

An early biomarkers algorithm predict lethal aGVHD and 
survival



• 34aa
• LAM  trisomia 8; t(11;17) – KMT2A pos;
• RC POST FLAI5 – 3xHD ARAC
• MUD in relapse (CB 50%)
• MAC (TBF)
• CSA + MTX + ATG
• REMISSIONE MOLECOLARE (30° GIORNATA)

• COPRO POS CAMPYLOBACTER (cicli con claritromicina e meropenem)
• STOP CSA 3° ms
• 5° ms: GVHD intestino (confermata colonscopia): STEROIDE  1mg/kg
• persistenza coprocolture pos campylobacter



STEROIDE 1mg/kg STEROIDE 1mg/kg + ruxolitinib

-5kg -4kgSTOP ANTIBIOTICO TERAPIA

?

?

Dicembre ‘21

Dicembre ‘21

+7kg



GVL

Infezioni

GVHD

Scelta seconda
linea terapia


