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LuTx per FC
Introduzione



FC: un paradigma terapeutico in costante 
evoluzione

Modified from 
Elborn S, 2013
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Advanced CF lung disease (ACFLD)

Kapnadak SG et al; JCF 19 (2020) 344–354 



LuTx (adulti) - indicazioni
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LuTx (adulti) per FC – dati per ECFSPR

ECFSPR Annual data report 2018, v. 1.4



Referral & Listing
Cos’è cambiato negli ultimi anni; il ruolo dei modulatori



La finestra trapiantologica

- Il listing richiede tempo
- Il tempo in lista d’attesa può essere (molto) lungo
- Mortalità in lista



Candidati al LuTx

Indicazioni generali - Adulti con end stage lung disease con i seguenti criteri:
- Alto rischio di mortalità (> 50%) nei successivi 2 anni
- Alta probabilità (>80%) di sopravvivenza a 5 anni da un eventuale trapianto in caso di 

adeguata funzione del graft polmonare. 

[…]



Candidati al LuTx per FC

ISHLT CONSENSUS
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The appropriate selection of lung transplant recipients is an important determinant of outcomes. This
consensus document is an update of the recipient selection guidelines published in 2006.
The Pulmonary Council of the International Society for Heart and Lung Transplantation (ISHLT)
organized a Writing Committee of international experts to provide consensus opinion regarding the
appropriate timing of referral and listing of candidates for lung transplantation. A comprehensive search
of the medical literature was conducted with the assistance of a medical librarian. Writing Committee
members were assigned specific topics to research and discuss. The Chairs of the Writing Committee
were responsible for evaluating the completeness of the literature search, providing editorial support for
the manuscript, and organizing group discussions regarding its content.
The consensus document makes specific recommendations regarding the timing of referral and of listing
for lung transplantation. These recommendations include discussions not present in previous ISHLT
guidelines, including lung allocation scores, bridging to transplant with mechanical circulatory and
ventilator support, and expanded indications for lung transplantation.

http://www.jhltonline.org
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Referral for lung transplantation should occur for an individual with CF meeting any of the following criteria
despite optimal medical management including a trial of ELX/TEZ/IVA if eligible: 
• FEV1 < 30% pred (o < 40% in children) 
• FEV1 < 40% pred (o < 50% in children) and any of the following:

○ 6MWT distance < 400 mt
○ pCO2>50mmHg 
○ Hyooxemia
○ Pulmonary hypertension (PAPs > 50 mmHg on echocardiogram or evidence of right ventricular dysfunction) 
○ Worsening nutritional status despite supplementation
○ 2 exacerbations per year requiring IV antibiotics
○ Massive hemoptysis (>240 mL) requiring bronchial artery embolization
○ Pneumothorax

• FEV1 < 50% pred + rapidly declining based on PFT or progressive symptoms
• Any exacerbation requiring positive pressure ventilation



Referral: un flusso di informazioni
• Stato funzionale (ultime PFR disponibili e 

andamento nel tempo)
• Accertamenti per valutazione scambi gassosi
• EGA
• 6MWT e SN

• Dati microbiologici: 
• Batteri
• Miceti
• NTM

• Storia di riacutizzazioni
• Precedenti embolizzazioni e/o PNX
• Ecocardio
• TC torace con immagini
• Comorbilità e stato nutrizionale



Referral & Listing: il ruolo del fisioterapista
• Passaggio di consegne dal centro di provenienza

• Disostruzione
• Fabbisogno di O2tp sotto sforzo
• Ottimizzazione ventiloterapia non invasiva 
• ALLENAMENTO!



Lista d’attesa – allocazione degli organi

Ethical Principles for the Allocation of Donor Lungs
Principle Application to organ allocation 
UTILITY To maximize net benefit (e.g., using years of survival gained to 

prioritize allocation)
JUSTICE To distribute the benefits and burdens of organ allocation system in 

a fair way (e.g., using medical urgency to prioritize allocation, 
allowing special consideration for candidates for whom it is difficult 
to find a suitable organ) 

RESPECT FOR 
PERSONS

To treat persons as autonomous with the right for self-
determination (e.g., the right to give or withhold informed consent 
for a lung transplant) 

Modified from: 
Leard LE et al., JHLT 2021; 
https://optn.transplant.hrsa.gov/resources/ethics/ethical-principles-in-the-allocation-of-human-organs/



Eterogenità nell’allocazione degli organi



Lista d’attesa – LAS (Lung Allocation Score)

Goal: net benefit of the transplant to the candidate
as well as clinical urgency, and it is calculated using
a series of pretransplant clinical diagnostic data that
analyses revealed to be predictive of both pre- and
posttransplant outcomes.

Range 0-100, the higher, the better (or worse?) >> the higher
the more urgent to be transplanted/the better (expected)
after LuTx.

>> decrease in WL mortality
>> decrease in time on WL
>> improved survival after LuTx

Egan TM et al, AmJT 2006
Egan TM et al, JHLT 2016



Strategie per aumentare il pool di donatori
Medium percentage of solid organ use for 
transplantation

% utilized donors

Kidney 74%

Liver 78%

Heart 36%

Lung 18,6%

Strategies to expand donor pool:
Ø Extended criteria – «marginal» donor
Ø Living lobar
Ø Ex Vivo Lung Perfusion (EVLP)
Ø Organ Care System (OCS)
Ø Donation after cardiocirculatory death (DCD)



Il trapianto
Sorveglianza, terapie e complicanze



#Pneumi❤chirurghi



Protezione contro infezioni e tumori
Bassa tossicità

Azione anti-rigetto
Alta efficacia 

PROTEZIONE 
DEL GRAFT

Successful outcomes following lung transplantation depend on our ability to 
pharmacologically manipulate the immune system to prevent rejection of the lung allograft.

Heeger PS, Dinavahi R. Transplant immunology for non- immunologist. Mount Sinai J Med. 2012;79(3):376–87. 

Terapia immunosoppressiva  - RAZIONALE



LuTx (adulM) – sopravvivenza per era

2019
JHLT. 2019 Oct; 38(10): 1015-1066
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1992-2001 (N=13,457) 2002-2009 (N=20,081) 2010-6/2017 (N=29,872)

Median survival (years): 
1992-2001: 4.7; Conditional=7.5; 2002-
2009: 6.5; Conditional=8.8; 2010-
6/2017: 6.7; Conditional=NA

(Transplants: January 1992 – June 2017)

1992-2001 vs. 2002-2009: p<0.0001  1992-
2001 vs. 2010-6/2017: p<0.0001 2002-2009 
vs. 2010-6/2017: p<0.0001



LuTx (adulti) – sopravvivenza per indicazioni

2019
JHLT. 2019 Oct; 38(10): 1015-1066
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A1ATD (N=3,257) CF (N=9,428) COPD (N=19,159)

IIP (N=15,574) ILD-not IIP (N=3,336) IPAH (N=1,944)

All pairwise comparisons were significant at p 
< 0.05 except A1ATD vs. ILD-non IIP, A1ATD vs. 
IPAH, COPD vs. ILD-non IIP, and ILD-non IIP vs. 
IPAH.

Median survival (years):
A1ATD: 7.1; CF: 9.9; COPD: 6.0; 
IIP: 5.2; ILD-not IIP: 6.7; IPAH: 7.0

(Transplants: January 1992 – June 2017)



LuTx (adulti) – come si vive dopo?

2019
JHLT. 2019 Oct; 38(10): 1015-1066
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Modified from JHLT. 2019 Oct; 38(10): 1015-1066
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• Visite di routine in ambulatorio, comprensive di esami del sangue, 
PFR, RX torace, EGA arterioso e 6MWT

• TC torace e TBB/FBS almeno una o due volte l'anno

• Screening per DSA de-novo (anticorpi specifici del donatore)

• Riferimento ad altri specialisti per la gestione delle comorbilità e delle 
complicanze extrarespiratorie

Sorveglianza del paziente e del graft



Effetti collaterali delle terapie post LuTx

• Ipertensione arteriosa

• Obesità

• Dislipidemia
• Diabete

• Osteoporosi
• Cataratta

• Ritardata guarigione delle ferite

• Distimie
• Nefrotossicità

• Epatotossicità
• Fototossicità

• Neurotossicità

• Mielotossicità

Outcome Within 
1 Year

Within 
5 Years

Within 
10 Years

Hypertension 51.7% 80.7%

Renal Dysfunction 22.5% 53.3% 71.9%

Abnormal Creatinine ≤ 2.5 mg/dl 15.7% 35.3% 41.4%

Creatinine > 2.5 mg/dl 5.0% 14.3% 18.7%

Chronic Dialysis 1.7% 3.0% 7.3%

Renal Transplant 0.1% 0.8% 4.6%

Hyperlipidemia 26.2% 57.9%

Diabetes 23.0% 39.5%

BronchioliIs Obliterans Syndrome 9.3% 41.1% 64.6%



Terapia immunosoppressiva in FC
• Molto farmaci sono epatotossici à epatopatia preesistente FC relata

• Difficoltà a mantenere triplice tp IS nei pazienti con difficile controllo dello stato 
infettivo (germi multiR)

• Difficile controllo glicemico in paziente già affetti da CF-RD

• Difficoltà a mantenere TIS nel corretto range in caso di malassorbimento

• Leucopenia: AZA/MMF + Bactrim/valganciclovir

• FDR per PTLD



2019
JHLT. 2019 Oct; 38(10): 1015-1066

Cumulative Post Transplant Malignancy Rates in Survivors 
Transplants: July 2004 – June 2019

Malignancy/Type 1-Year  Survivors 5-Year Survivors 10-Year Survivors

No Malignancy 23,654 (94.7%) 8,756 (80.4%) 2,297 (68.3%)

Malignancy (all types combined) 1,311 (5.3%) 2,134 (19.6%) 1,066 (31.7%)

Malignancy Type* Skin 456 1508 809

Lymphoma 250 163 76

Other 575 583 286

Type Not Reported 30 13 1

Other malignancies reported include: adenocarcinoma (2; 2; 1), bladder (2; 2; 1), lung (2; 2; 0), breast (1; 7; 3); prostate (0; 5; 2), cervical 
(1; 1; 0); and colon (0; 1; 0).  Numbers in parentheses represent the number of reported cases within each time period.

* Recipients may have experienced more than one type of malignancy; therefore, the sum of individual malignancy types may be greater 
than the total number with malignancy.

Il rischio neoplastico post LuTx



Il rischio neoplastico post LuTx

Hadjiliadis D, et al. Gastroenterology 2018;154:736-45



INFEZIONI 
– 4 possibili scenari ad alto rischio

• Infezioni del ricevente da parte di microorganismi acquisiti in 
comunità o in ospedale
• Colonizzazione delle vie aeree e/o di altri distretti 

(specialmente nei pazienti affetti da fibrosi cistica)
• Infezioni donor-derived
• Infezioni da germi opportunisti



Vaccinarsi è importante … prima e dopo!



Infezioni - CMV

Dopo il LuTx, l’infezione da CMV può verificarsi 
con differenti modalità:
• Trasmissione dal graft di un donor CMV 

sieropositivo
• Riattivazione di un’infezione latente in un 

ricevente CMV sieropositivo dall’epoca pre-Tx
• Contatto con un individuo infetto da CMV 

(infezione attiva >> contagio)
• Trasfusione di emocomponenti provenienti da 

un donatore di sangue CMV sieropositivo



Infezioni - CMV



• GANCICLOVIR e.v. 5 mg/kg ogni 12 ore; a seguire ogni 24 ore –
impianto intraoculare
• VALGANCICLOVIR p.o. 900 mg/die

• Aggiustamento dose sec. GFR
• Attenzione se somministrato con carbapenemici! (crisi!!!)
• Durata secondo mismatch donatore/ricevente

• ALTERNATIVE…
• Foscavir à per trattamento
• Cidofovir à trattamento, estremamente tossico dal pdv renale
• Letermovir ???
• Vaccino antiCMV…
• Immunoglobuline antiCMV e.v.

Infezioni - CMV



CLAD → Chronic LAD
“ a transplanted lung that does not
achieve or no longer mantains
normal function for an arbitrarily
defined period of time”

Verleden G, JHLT, 2019

CLAD – il nuovo nome del rigetto cronico



L’arrivo dei modulatori CFTR
Prima. E anche dopo?





The times they are a-changing …

Shteinberg M, Taylor-Cousar JL, Eur Respir Rev 2020; 29: 190112 



Ivacaftor & LuTx

Bessonova L, et al. Thorax 2018;73:731–740 



ELX/TEZ/IVA & LuTx

Burgel PR, et al. Blue J Feb 2021



ELX/TEZ/IVA & LuTx

Burgel PR, et al. Blue J Feb 2021



Candidati al LuTx per FC

ISHLT CONSENSUS

A consensus document for the selection of lung
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The appropriate selection of lung transplant recipients is an important determinant of outcomes. This
consensus document is an update of the recipient selection guidelines published in 2006.
The Pulmonary Council of the International Society for Heart and Lung Transplantation (ISHLT)
organized a Writing Committee of international experts to provide consensus opinion regarding the
appropriate timing of referral and listing of candidates for lung transplantation. A comprehensive search
of the medical literature was conducted with the assistance of a medical librarian. Writing Committee
members were assigned specific topics to research and discuss. The Chairs of the Writing Committee
were responsible for evaluating the completeness of the literature search, providing editorial support for
the manuscript, and organizing group discussions regarding its content.
The consensus document makes specific recommendations regarding the timing of referral and of listing
for lung transplantation. These recommendations include discussions not present in previous ISHLT
guidelines, including lung allocation scores, bridging to transplant with mechanical circulatory and
ventilator support, and expanded indications for lung transplantation.
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Referral for lung transplantation should occur for an individual with CF meeting any of the following criteria
despite optimal medical management including a trial of ELX/TEZ/IVA if eligible: 
• FEV1 < 30% pred (o < 40% in children) 
• FEV1 < 40% pred (o < 50% in children) and any of the following:

○ 6MWT distance < 400 mt
○ pCO2>50mmHg 
○ Hyooxemia
○ Pulmonary hypertension (PAPs > 50 mmHg on echocardiogram or evidence of right ventricular dysfunction) 
○ Worsening nutritional status despite supplementation
○ 2 exacerbations per year requiring IV antibiotics
○ Massive hemoptysis (>240 mL) requiring bronchial artery embolization
○ Pneumothorax

• FEV1 < 50% pred + rapidly declining based on PFT or progressive symptoms
• Any exacerbation requiring positive pressure ventilation



I candidati al LuTx stanno cambiando

As a consequence, patients might
only develop end-stage lung disease
later in life, leading to a more 
elderly CF population being referred
for lung transplantation. A change
in referral demographics in patients
with additional confounding factors, 
secondary to a different ageing-
related profile, may have an 
adverse impact on transplantation
outcomes. 

Rang C et al.; ERJ 2020; 55: 1902443 



L’ultima frontiera: modulatori post SOT?

OLT: 
- PROs: improved respiratory conditions
- CONs: hepatotoxicity and therapeutic 
drug monitoring

LUTX
- Possible role to improve: 

- Sinus disease
- Malnutrition 
- GERD
- Possible prevention of GIT malignancy and 

PTLD (CFTR protein has possible plays a 
tumour suppressor role)

- CONs: hepatotoxicity and therapeutic drug  
monitoring

Ramos KJ et al. JCF 2021



La telemedicina
Un effetto collaterale della pandemia COVID19?



L’impatto della pandemia sulla gestione 
dei pazienti

• Interruzione del regolare follow up c/o i Centri
• Annullamento o ritardo nell’esecuzione di procedure diagnostiche non 

essenziali
• Difficoltà nel raggiungere i centri di riferimento
• Impegno dei medici specializzati nelle unità dedicate al COVID19 
• Paura dei pazienti nel frequentare gli ospedali

Ch-ch-ch-ch-Changes
(Turn and face the stranger)

Ch-ch-Changes
Just gonna have to be a different one



Nuove strategie per la cura e il follow up



Nuove strategie per la cura e il follow up

Wickerson L, JMIR MHEALTH AND UHEALTH 2021

Toronto & la teleriabilitazione



Nuove strategie per la cura e il follow up

MHH & la telemedicina

Kayser MZ, TELEMEDICINE and e-HEALTH 2021



Q&A

letizia.morlacchi@unimi.it
letizia.morlacchi@policlinico.mi.it
trapiantipolmone@policlinico.mi.it

#pneumilovechirurghi #pneumiloveSAR

“Every accomplishment starts with a decision to try.” JFK 

mailto:trapiantipolmone@policlinico.mi.it

