
 

   
 

6. Lung transplantation   

  

6.1 Induction therapy  

6.2 Maintenance therapy  

6.2.1 Calcineurin inhibitors  

6.2.2 Cell cycle inhibitors  

6.2.3 Mammalian target of rapamycin inhibitors 

6.2.4 Belatacept  

6.3 Desensitization therapy  

6.4 Management of rejection  

6.4.1 Acute cellular rejection  

6.4.2 Antibody mediated rejection  

6.4.3 Chronic lung allograft dysfunction  

6.5 Retransplant/graft failure  

6.5.1 General retransplant/graft failure 

6.5.2 Primary graft dysfunction  

6.6 Management of bronchiolitis obliterans syndrome  

6.7 Lung Diseases  

6.7.1 Idiopathic pulmonary fibrosis  

6.7.2 Primary pulmonary hypertension  

6.7.3 Alpha-1 antitrypsin deficiency  

6.7.4 Cystic fibrosis  

6.8 Miscellaneous  

  6.8.1 Hypogammaglobulinemia  

  6.8.2 Hyperammonemia  

  

6.1. Induction therapy  

 

Fitzgerald LJ, et al. (2020). Evaluation of Targeted Basiliximab Induction Therapy in Lung 

Transplant. J Heart Lung Transplant. 39(4), S323. Retrieved from: 

https://doi.org/10.1016/j.healun.2020.01.1333 

 Retrospective single center analysis of basiliximab used in lung transplant recipients with 

acute kidney injury. No difference was found in rates of acute rejection or CLAD in those 

patients that received basiliximab vs those who did not, however more patients in the 

basiliximab group died at 1 year.  

 

Henderson C, et al. (2020). Rates of Respiratory Viral Infection in Pediatric Lung Transplant Patients 

After ATG vs.Basiliximab Induction. Am J Respir Crit Care Med. 201, A5133. Retrieved from: 

https://www.atsjournals.org/doi/abs/10.1164/ajrccm-

conference.2020.201.1_MeetingAbstracts.A5133 

https://doi.org/10.1016/j.healun.2020.01.1333


 

   
 

 Retrospective single center comparison of respiratory viral infections in pediatric lung 

transplant recipients receiving antithymocyte globulin or basiliximab induction therapy. There 

was no difference in infection rate or time to first infection between the groups.  

 

Benazzo A, et al. (2019). Donor-Specific Antibodies and Antibody-Mediated Rejection after 

Alemtuzumab Induction Therapy: A Retrospective Analysis of a High-Volume Lung Transplant 

Center. J Heart Lung Transplant. 38(4), S166-S167.  

 Retrospective single center analysis of all patients who received alemtuzumab as induction 

therapy. De novo DSAs developed in 17.7%, AMR diagnosed in 3.8%, and 5-year survival 

was worse in those who developed AMR. 

 

Benazzo A, et al (2018). Alemtuzumab induction combined with reduced maintenance 

immunosuppression is associated with improved outcomes after lung transplantation: A single 

centre experience. PLoS ONE, 14(1), e0210443. Retrieved from: 

https://pubmed.ncbi.nlm.nih.gov/30645645/ 

 Retrospective single center analysis including 446 lung transplant recipients, 52% received 

alemtuzumab, 11% received antithymocyte globulin, and 37% received no induction therapy. 

The alemtuzumab group had the lowest rate of chronic kidney insufficiency and infection in 

the first year. Improved survival and low rates of ACR, lymphocytic bronchiolitis, and CLAD 

were found in the group receiving any induction therapy. 

 

Li KHC, et al. (2018). Acute Cellular Rejection and Infection Rates in Alemtuzumab vs Traditional 

Induction Therapy Agents for Lung and Heart Transplantation: A Systematic Review and Meta-

analysis. Transplant Proc. 50(10), 3739-3747. Retrieved from: 

https://pubmed.ncbi.nlm.nih.gov/30577263/ 

 Systematic review and meta-analysis of alemtuzumab in heart or lung transplant recipients. 

Alemtuzumab was associated with less acute cellular rejection compared to antithymocyte 

globulin and lower infection and acute rejection rates compared to basiliximab.  

 

Furuya Y, et al. (2016). The impact of alemtuzumab and basiliximab induction on patient survival and 

time to bronchiolitis obliterans syndrome in double lung transplantation recipients. Am J Transplant. 

2016; 16(8): 2334-41. Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/26833657  

 Retrospective UNOS Registry study in 6117 lung transplant recipients demonstrating longer 

median survival for alemtuzumab and basiliximab versus no induction. Recipients of 

alemtuzumab had a lower incidence of BOS at 5 years.     

  

Whited LK, et al. (2015). Evaluation of alemtuzumab versus basiliximab induction: a retrospective 

cohort study in lung transplant recipients. Transplantation, 99(10): 2190-5.  

Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/25769073   

 Retrospective comparison showed that alemtuzumab was associated with superior 

outcomes with biopsy score and lower incidence of grade 2 or higher rejection at 6 months 

but no difference in overall graft or patient survival between the 2 groups.  

  

Jaksch P, et al. (2013). Antithymocyte globulin induction therapy improves survival in lung 

transplantation for cystic fibrosis. Transplant International, 26, 31-41. Retrieved from: 

http://www.ncbi.nlm.nih.gov/pubmed/23145940  



 

   
 

 Retrospective analysis of induction strategy in lung transplant recipients with CF at a single 

center. ATG induction was associated with a survival benefit at 1- 3- and 5-years, lower 

rates of acute rejection, and no increased rate of infection verses no induction.  

  

Penninga L, et al. (2013). Antibody induction therapy for lung transplant recipients. Cochrane 

Database Systemic Review, 27, 11. Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/24282128  

 Cochrane review of T-cell antibody induction (ATG, ALG, IL2RA, alemtuzumab, and OKT3) 

in lung transplant showed no clear benefit or harm of antibody induction compared to no 

induction or when comparing different types of antibody induction.  

  

Shyu, S, et al. (2011). Five-year outcomes with alemtuzumab induction after lung transplantation. 

The Journal of Heart and Lung Transplantation, 30, 743-754. Retrieved from: 

http://www.ncbi.nlm.nih.gov/pubmed/21420318  

 Single-center retrospective comparison showing that alemtuzumab was associated with 

greater 5-year freedom from ACR, lymphocytic bronchiolitis, OB, and BOS.  

  

Van Loenhout KC, et al. (2010). Early outcomes using alemtuzumab induction in lung 

transplantation. Interactive Cardiovascular and Thoracic Surgery, 10, 190-4. Retrieved from: 

http://www.ncbi.nlm.nih.gov/pubmed/19939852  

 Single-center prospective study showing alemtuzumab induction with reduced dose 

maintenance IS was similar to no induction/standard dose IS in terms of ACR, death, and 

infection at 6 and 12 months.  

  

Clinckart F, et al. (2009). Basiliximab as an alternative to antithymocyte globulin for early 

immunosuppression in lung transplantation. Transplant Proceedings, 41, 607-9. Retrieved from:  

http://www.ncbi.nlm.nih.gov/pubmed/19328937  

 Single-center comparison of basiliximab and ATG showing no difference in ACR or 

infections in 37 lung transplant recipients.  

  

Hartwig M, et al. (2008). Rabbit anti-thymocyte globulin induction therapy does not prolong survival 

after lung transplantation. The Journal of Heart and Lung Transplant, 27, 547-53.  

Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/18442722  

 Prospective, single-center comparison of RATG and no induction showing no difference in 

graft survival, overall rejection, and infection, though there was a lower rate of early rejection 

with RATG.  

  

Hachem R, et al. (2008). The impact of induction on survival after lung transplantation: an analysis of 

the International society for Heart and Lung Transplantation Registry. Clinical Transplantation, 22, 

603-8. Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/18435784  

 ISHLT registry study of 3970 adult lung transplant recipients suggesting that IL2RA and ATG 

are each associated with a survival benefit following lung transplant. Those treated with 

IL2RA had better graft survival than those treated with ATG and those who did not receive 

induction.   

  

Allawadi G, et al. (2008). Effects of induction immunosuppression regimen on acute rejection, 

bronchiolitis obliterans, and survival after lung transplantation. Journal of Thoracic and 

Cardiovascular Surgery, 135, 594-602. Retrieved from: 

http://www.ncbi.nlm.nih.gov/pubmed/18329476  



 

   
 

 Single-center retrospective review showing daclizumab was associated with significantly 

less acute rejection and bronchiolitis obliterans than those receiving ATG with a trend 

towards improved survival, though confounded by the use of MMF.  

  

Hachem R, et al. (2005). A comparison of basiliximab and anti-thymocyte globulin as induction 

agents after lung transplantation. The Journal of Heart and Lung Transplantation, 24, 1320-6. 

Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/16143251  

 Retrospective comparison showed that ATG associated with lower rate of acute rejection 

and BOS compared with basiliximab without increasing the risk for CMV.  

  

Palmer SM, et al. (1999). Rabbit antithymocyte globulin decreases acute rejection after lung 

transplantation: results of a randomized, prospective study. Chest, 116(1), 127-33.  

Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/10424515  

 Prospective, randomized, single-center comparison of RATG (1.5 mg/kg/dose x3 doses) versus 

no induction therapy + CSA/AZA/Pred; induction was associated with a lower rate of biopsy-

proven grade II or greater rejection and a nonsignificant decrease in BOS with similar 

infection/malignancy occurrences.  

  

6.2. Maintenance therapy  

 

Snell, G. I. et al. (2013). Immunosuppression and allograft rejection following lung transplantation: 

evidence to date. Drugs, 73, 1793-1813. Retrieved from: 

http://www.ncbi.nlm.nih.gov/pubmed/24142409  

 Summary of currently available immunosuppression strategies including alternative routes of 

administration (intravenous, sublingual, inhaled) and use of generic immunosuppressants.   

  

6.2.1  Calcineurin inhibitors  

 

Miano TA, et al. (2020). Early Tacrolimus Concentrations After Lung Transplant Are Predicted by 

Combined Clinical and Genetic Factors and Associated With Acute Kidney Injury. Clinical 

Pharmacology and Therapeutics. 107(2):462-470. Retrieved from: 

https://pubmed.ncbi.nlm.nih.gov/31513279/ 

 Retrospective review of 494 lung transplant recipients within a single center to evaluate 

effect of clinical and pharmacogenetic predictors of tacrolimus-induced AKI. Overall, 60% of 

patients developed AKI between post-operative days 4-14. Trough levels greater than 12 

ng/mL were most predictive of AKI development, and risk of AKI was predicted to increase 

54% for each 5 ng/mL increase in average concentrations. Using concentration:dose ratios 

(CDR), the effect of various genotypes and clinical factors were evaluated. Greatest positive 

percent change in CDR was observed in patients with voriconazole exposure (+79.7, 95% 

CI 65.1 to 95.5) whereas greatest negative percent change in CDR was observed in 

CYP3A5 extensive metabolizers (-60.7, 95% CI -72.8 to -43.4). 

 

Calabrese, et al. (2018). Genotypes associated with tacrolimus pharmacokinetics impact clinical 

outcomes in lung transplant recipients. Clin Transplant. 32(8): e13332. Retrieved from: 

https://pubmed.ncbi.nlm.nih.gov/29920787/ 

 Single center, retrospective cohort study including 321 lung or heart-lung transplant 

recipients. Single nucleotide polymorphisms (SNPs) for the ABCB1, CYP3A4, and CYPA5 

genes were categorized for all patients. Linear models adjusted for subject characteristics. 

https://pubmed.ncbi.nlm.nih.gov/29920787/


 

   
 

CYP3A intermediate and extensive metabolizers spent less time in goal tacrolimus range 

compared to poor metabolizers. Patients with high ABCB1 function (carriers of ABCB1 

CGC-CGC diplotype) has three times greater odds of developing KDIGO stage II or greater 

AKI as compared to TTT-TTT diplotype (P=-.01). No differences in time to CLAD or death 

among ABCB1 genotypes or CYP3A genotypes.  

 

Ensor C, et al. (2018). Increasing tacrolimus time in therapeutic range is associated with superior 

one-year outcomes in lung transplant recipients. Am J Transplant. 18(6), 15271533. Retrieved from: 

http://www.ncbi.nlm.nih.gov/pubmed/29513387     

 A single-center, observational, cross-sectional study of 292 lung transplant recipients 

looking at the effects of tacrolimus time-in-therapeutic range (TTR). Increasing TTR by 10% 

was associated with a significantly lower likelihood of high‐burden ACR at 1 year (P < .001) 

and with lower rates of CLAD (P < .001) and mortality (P < .001) at 1 year.  

  

Treede H, et al. (2012). Tacrolimus and cyclosporine have differential effects on the risk of 

development of bronchiolitis obliterans syndrome: results of a prospective, randomized international 

trial in lung transplantation. Journal of Heart and Lung Transplantation, 31,  

797-804. Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/22554673  

 Prospective, randomized, multicenter, international, open-label investigation of tacrolimus (n 

= 124) compared to cyclosporine (n = 125) in combination with mycophenolate and 

prednisone. The primary endpoint of cumulative BOS incidence at three years was 

significantly lower in the tacrolimus group (P = 0.037). No significant difference in acute 

rejection or patient survival at one and three years. Incidences of infection were also similar, 

while development of renal dysfunction was more common in the tacrolimus group (P = 

0.09).  

  

Keenan RJ, et al. (1995). Clinical trial of tacrolimus versus cyclosporine in lung transplantation. 

Annals of Thoracic Surgery, 60, 580-585. Retrieved from: 

http://www.ncbi.nlm.nih.gov/pubmed/7545889  

 Prospective, randomized study comparing tacrolimus (n = 66) and cyclosporine (n = 67) in 

combination with azathioprine and prednisone. Patients receiving tacrolimus experienced 

fewer acute rejection episodes per 100 patient days (P = 0.07) as well as significantly less 

BOS. The total incidence of infection was similar. However, bacterial pneumonia was more 

common the cyclosporine group and fungal infections were more common in the tacrolimus 

group. No differences in one and two-year survival were observed.   

  

Fan Y, et al. (2009). Tacrolimus versus cyclosporine for adult lung transplant recipients: a meta-

analysis. Transplant Proc. 41(5), 1821-4. Retrieved from: 

https://www.ncbi.nlm.nih.gov/pubmed/19545736/  

 Meta-analysis of 297 patients from randomized controlled trials comparing tacrolimus to 

cyclosporine. Mortality at 1 year or more was comparable between the treatment groups. 

Tacrolimus-treated patients experience fewer incidences of acute rejection (P=0.04), 

however they also experienced a higher rate of new-onset diabetes (P=0.003).   

  

Monchaud C, Marquet P. (2009). Pharmacokinetic Optimization of Immunosuppressive Therapy in 

Thoracic Transplantation: Part I. Clinical Pharmacokinetics, 48, 419-462.  

Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/19691367  



 

   
 

 First of a two-part review, detailing the pharmacokinetics and therapeutic drug monitoring for 

calcineurin inhibitors in thoracic transplantation.   

  

Muhammet C,R et al. (2009). Tacrolimus and azathioprine versus cyclosporine and mycophenolate 

mofetil after lung transplantation: a retrospective cohort study. Journal of Heart and Lung 

Transplantation, 28(7), 697-703.  

Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/19560698  

 Retrospective review of 120 lung transplant recipients maintained on either cyclosporine and 

mycophenolate (n = 37) or tacrolimus and azathioprine (n = 83) in combination with 

prednisone and IL-2 receptor antagonist induction. Patients in the tacrolimus/azathioprine 

group had significantly better pulmonary function as measured by FEV1 and FVC at 12 

months. No differences in acute rejection, BOS or survival were observed.   

  

Hachem RR, et al. (2007). A randomized controlled trial of tacrolimus versus cyclosporine after lung 

transplantation. Journal of Heart and Lung Transplantation, 26, 1012-1018.  

Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/17919621  

 Prospective, randomized study comparing tacrolimus (n = 44) and cyclosporine (n = 46) in 

combination with azathioprine and prednisone. The primary endpoint (composite of 

cumulative acute rejection, lymphocytic bronchitis or BOS) occurred more in the 

cyclosporine group (P = 0.002). Cumulative acute rejection or lymphocytic bronchitis was 

also significantly less in the tacrolimus group and BOS stages 0-p and 1 trended towards 

higher incidence in the cyclosporine group. The incidence of CMV and community-acquired 

respiratory viruses was greater in the cyclosporine group; bacterial, fungal and total 

infections were similar.   

  

Zuckermann A, et al (2003). Cyclosporine A versus tacrolimus in combination with mycophenolate 

mofetil and steroids as primary immunosuppression after lung transplantation: One-year results of a 

2-center prospective randomized trial. Journal of Thoracic and Cardiovascular Surgery, 125,891-

900. Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/12698153  

 Prospective, randomized, two-center investigation comparing tacrolimus (n = 37) and 

cyclosporine (n = 37) in combination with mycophenolate, prednisone and ATG induction. 

No significant differences in number of treated rejection episodes, freedom from acute 

rejection and BOS, or survival at 6 and 12 months were observed.      

  

Treede H, et al. (2001). Tacrolimus versus Cyclosporine after Lung Transplantation: A  

Prospective, Open, Randomized Two-Center Trial Comparing Two Different  

Immunosuppressive Protocols. Journal of Heart and Lung Transplantation, 20, 511-517. Retrieved 

from: http://www.ncbi.nlm.nih.gov/pubmed/11343977  

 Prospective, randomized comparison of tacrolimus (n = 26) and cyclosporine (n = 24) in 

combination with mycophenolate, prednisone and rATG induction. The tacrolimus group had 

significantly fewer treated rejection episodes and rejection-free survival at 6 and 12 months 

was numerically greater for the tacrolimus group. Six and 12-month survival and incidences 

of infection were similar. Serum creatinine did not differ significantly between the groups. 

Cyclosporine-treated patients experienced more hypertension and hyperlipidemia requiring 

treatment, whereas as NODAT was only observed in the tacrolimus group.  

 

 

  



 

   
 

6.2.2  Cell cycle inhibitors   

 

Tague K, et al. (2020). Impact on SLCO1B3 Polymorphisms on Clinical Outcomes in Lung Allograft 

Recipients Receiving Mycophenolic Acid. The Pharmacogenomics Journal. 20.1: 69-79. Retrieved 

from: https://pubmed.ncbi.nlm.nih.gov/30992538/ 

 Retrospective cohort study that analyzed effect of known single nucleotide polymorphisms 

on outcomes such as survival, > A2 or B2 acute rejections, and CLAD. SLCO1B3 SNPs rs 

4149117 and rs7311358 were associated with decreased 1 and 3-year survival, rejection, 

and shorter survival following CLAD diagnosis. 

 

Yabuki H, et al. (2020). Plasma mycophenolic acid concentration and the clinical outcome after lung 

transplantation. Clinical Transplantation. 00; e14088. Retrieved from: 

https://pubmed.ncbi.nlm.nih.gov/32949050/ 

 Cohort study of mycophenolic acid (MPA) AUC0-12 between groups stratified based on 
outcomes including no events, infection, and CLAD. MPA AUC0-12 was significantly higher 
in the infection group and significantly lower in the CLAD group. Thresholds for these 
outcomes were established at 22 to 40 µg·h/mL for avoidance of infection and CLAD, 
respectively 

 

Vos M, et al. (2018). Azathioprine to mycophenolate mofetil transition and risk of squamous cell 

carcinoma after lung transplantation. The Journal of Heart and Lung Transplantation,  

37(7), p853–85. Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/29680587  

 A review of data of 544 patients from the Dutch nationwide registry of histopathology 

(PALGA) looking at the incidence of squamous cell carcinoma (SCC) and associated risk 

factors. Sequential use of azathioprine and mycophenolate mofetil was associated with a 

lower risk of SCC compared with azathioprine use only.   

  

Speich R, et al (2010). Mycophenolate mofetil reduces alveolar inflammation, acute rejection and 

graft loss due to bronchiolitis obliterans syndrome after lung transplantation. Pulmonary 

Pharmacology and Therapeutics, 23, 445-449. Retrieved from: 

http://www.ncbi.nlm.nih.gov/pubmed/20394831  

 Prospectively collected data from 176 consecutive lung transplant recipients was compared 

to evaluate the use azathioprine and mycophenolate in combination with cyclosporine and 

prednisone. Patients in the mycophenolate group experienced fewer acute rejection 

episodes as well as decreased severity of rejection compared to azathioprine. Despite 

similar incidences of BOS, the mycophenolate group had significantly less graft loss due to 

BOS.   

  

Monchaud C, Marquet P. (2009). Pharmacokinetic optimization of immunosuppressive therapy in 

thoracic transplantation: part II. Clinical Pharmacokinetics, 48, 489-516.  

Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/19705921  

 Second component of comprehensive review, including pharmacokinetics and therapeutic 

drug monitoring for mycophenolate and mTOR inhibitors.   

  

McNeil, K. et al (2006). Comparison of mycophenolate mofetil and azathioprine for prevention of 

bronchiolitis obliterans syndrome in de novo lung transplant recipients. Transplantation, 81, 998-

1003. Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/16612275  

 Prospective, randomized, international, multicenter, open-label study comparing 

azathioprine and mycophenolate in combination with cyclosporine, prednisone and ATG 

https://pubmed.ncbi.nlm.nih.gov/32949050/


 

   
 

induction. No difference in the incidence of acute rejection at one or three years or time to 

acute rejection was observed. Additionally, no differences in incidence, severity, time to 

development of BOS or survival were detected at three years.      

  

6.2.3  Mammalian target of rapamycin inhibitors   

 

Gottlieb J, et al (2018). A randomized trial of everolimus-based quadruple therapy vs standard triple 

therapy early after lung transplantation. Am J Transplant. 19(6):1759-1769. Retrieved from: 

https://pubmed.ncbi.nlm.nih.gov/30615259/ 

 Prospective, randomized, open label 12-month multicenter trial including lung transplant 

patients 3-8 months following transplant aimed at evaluating impact of low-CNI exposure 

regimens in patients with baseline renal dysfunction. Patients were stratified based on eGFR 

before randomization. The primary endpoint was eGFR after 12 months. Patients receiving 

quadruple low CNI regimens had superior renal function compared to the standard triple 

therapy group (64.5 ml/min vs 54.6 ml/min, p <0.001). BPAR, CLAD and death were similar 

between two groups.  

 

Wijesinha M, et al. (2019) Survival Associated with Sirolimus plus Tacrolimus Maintenance Without 

Induction Therapy Compared with Standard Immunosuppression After Lung Transplant. JAMA Netw 

Open, 2(8): E1910297. Retrieved from: https://pubmed.ncbi.nlm.nih.gov/31461151/ 

 Retrospective cohort study of 9,019 lung transplant recipients who received either sirolimus 

plus tacrolimus or tacrolimus plus mycophenolate mofetil. The primary outcome was 

survival. A survival benefit was seen in patients receiving sirolimus plus tacrolimus without 

induction therapy when compared to mycophenolate mofetil plus tacrolimus with induction 

therapy (median survival 10.7 years, HR 0.48, 95% CI 0.31-0.76). 

 

Wojarski J, et al (2018). Early Sirolimus-Based Immunosuppression is Safe for Lung Transplantation 

Patients: Retrospective, Single Arm, Exploratory Study. Ann Transplant. 23;23:598-607. Retrieved 

from: https://pubmed.ncbi.nlm.nih.gov/30135417/ 

 A retrospective, single arm, exploratory study of groups of patients evaluating safety of using 

sirolimus early post-operatively. Early sirolimus administration was defined as administration 

within first 30 days post-transplantation. Thirteen patients received early sirolimus based 

immunosuppression along with cyclosporine and prednisone, as well as induction therapy. 

Thirty-day mortality was 0% and no anastomotic dehiscence was observed, even with 

administration as early as POD15. Four patients experienced sever acute cellular rejection 

within the first year following transplant. One patient developed bronchiolitis obliterans 

syndrome.  

 

Streuber M, et al. (2016). Everolimus versus mycophenolate mofetil de novo after lung 

transplantation: A prospective, randomized, open-label trial. Am J Transplant.; 16(11), 3171-3180. 

Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/27104933  

 Randomized control trial in 190 lung transplant recipients assigned to either cyclosporine, 

prednisone, mycophenolate or cyclosporine, prednisone, everolimus 28 days after 

transplant. BOS-free survival was similar via the intention-to-treat analysis at two years. The 

per-protocol analysis demonstrated less incidence of BOS in the everolimus arm with less 

CMV infection, ACR, and lower respiratory infections, despite a more pronounced dropout 

rate.    

  

https://pubmed.ncbi.nlm.nih.gov/31461151/
https://pubmed.ncbi.nlm.nih.gov/30135417/


 

   
 

Glanville, et al (2015). Three-year results of an investigator-driven multicenter, international, 

randomized open-label de novo trial to prevent BOS after lung transplantation. The Journal of Heart 

and Lung Transplantation. 34(1), 16-25. Retrieved from: 

https://www.ncbi.nlm.nih.gov/pubmed/25049068  

 A multicenter, prospective, international, randomized open-label study of de novo enteric 

coated mycophenolate sodium (MPS) versus delayed-onset everolimus (RAD) in 

combination with cyclosporine and corticosteroids. Three-year ITT analysis found no 

significant difference between treatment arms in freedom from BOS but was underpowered 

to accept the null hypothesis that RAD and MPS have equivalent efficacy in preventing 

BOS, or death after lung transplantation.   

  

Sacher VY, et al. (2014). Effects of prophylactic use of sirolimus on bronchiolitis obliterans syndrome 

development in lung transplant recipients. Annals of Thoracic Surgery,  

97(1):268-74. Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/24119986  

 Twenty-four lung transplant recipients who were converted to an immunosuppression 

regimen consisting of tacrolimus, sirolimus and prednisone were compared to those on 

a regimen of tacrolimus, mycophenolate or azathioprine and prednisone. The sirolimus 

group was found to have a lower incidence of BOS and viral infections and improved 

survival.    

  

Schneer S, et al. (2014). Renal function preservation with the mTOR inhibitor, Everolimus, after lung 

transplant. Clinical Transplantation, 28(6):662-8. Retrieved from: 

https://www.ncbi.nlm.nih.gov/pubmed/24738962  

 Retrospective review of 41 lung transplant recipients who were treated with everolimus and 

lower dose calcineurin inhibitors. Renal function preservation was greater when everolimus 

was initiated before CrCl deterioration or proteinuria development.   

  

De Pablo A, et al. (2013). Recommendations on the use of everolimus in lung transplantation. 

Transplantation Reviews, 27, 9-16. Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/23276646  

 Consensus document generated by experts representing Spanish lung transplant centers 

that summarizes everolimus pharmacokinetics, therapeutic drug monitoring and potential 

indications for use in lung transplantation.   

  

Bhorade S, et al (2011). Comparison of sirolimus with azathioprine in a tacrolimus-based 

immunosuppressive regimen in lung transplantation. American Journal of Respiratory and  

Critical Care Medicine, 183, 379-387. Retrieved from: 

http://www.ncbi.nlm.nih.gov/pubmed/20833822  

 Report of a prospective, multicenter, randomized, controlled trial comparing azathioprine to 

sirolimus initiated at least three months post-transplant in combination with tacrolimus, 

prednisone and IL-2 receptor antagonist induction (n = 181). No differences in acute 

rejection, development of bronchiolitis obliterans syndrome (BOS) or survival at 12 and 36 

months were observed. Significantly more patients in the azathioprine group experienced 

CMV infection, while significantly more in the sirolimus groups experienced significant 

adverse events and early discontinuation.    

  

Snell GI, et al. (2006). Everolimus versus Azathioprine in Maintenance Lung Transplant  

Recipients: An International, Randomized, Double-Blind Clinical Trial. American Journal of  

Transplantation, 6, 169-177. Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/16433771  



 

   
 

 Prospective, randomized, international, multicenter, double-blind investigation comparing 

azathioprine (n = 112) to everolimus (n = 101) in combination with cyclosporine and 

prednisone. Everolimus was uniformly dosed 1.5 mg twice a day and not adjusted based on 

trough concentrations (median 6.6 ng/mL, 10th to 90th percentile: 2.8-11.8 ng/mL). The 

everolimus group experienced significantly less efficacy failure (composite endpoint 

including decline in FEV1 > 15%, graft loss, death or loss to follow up) as well as decline in 

FEV1 associated with BOS and acute rejection at 12 months. Elevated serum creatinine and 

discontinuation due to adverse events were more common in the everolimus group.  

  

Groetzner J, et al. (2004). Airway anastomosis complications in de novo lung transplantation with 

sirolimus-based immunosuppression. Journal of Heart and Lung Transplantation, 23, 632-638. 

Retrieved from: http://www.ncbi.nlm.nih.gov/pubmed/15135383  

 Pilot study reporting bronchial anastomotic complications in three of four lung transplant 

recipients maintained on sirolimus, tacrolimus and prednisone immediately posttransplant. 

The average sirolimus trough concentration was 6.2 ± 1.2 ng/mL. Airway dehiscence 
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pressure. Estimated glomerular filtration rate was significantly higher after converting to 
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Yousem S, et al. (1996). Significance of clinically silent untreated mild acute cellular rejection in lung 

allograft recipients. Human Pathology, 27, 269-273. Retrieved from: 

https://www.ncbi.nlm.nih.gov/pubmed/8600042  

 An analysis of outcomes of 16 untreated lung transplant patients with asymptomatic mild 

acute cellular rejection. Half of the patients with worsening function without intervention 

developed BOS relative to those in the spontaneously regressing group.   

  

6.4.2  Antibody mediated rejection  

 

Parquin F, et al (2020). C1-esterase inhibitor treatment for antibody-mediated rejection after lung 

transplantation: two case reports. European Respiratory Journal. 55(5):1902027. Retrieved from: 

https://pubmed.ncbi.nlm.nih.gov/32079639/ 

 Case report of two patients treated with C1 esterase inhibitor as part of salvage therapy for 

probable or possible AMR with complement involvement. Initial therapy comprised plasma 

exchange, IVIG, rituximab, and pulsed steroids. Both patients were treated with 20 units/kg 

daily for three days followed by 20 units/kg twice a week for 6 months, and both received 
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Levine D, et al. (2016). Antibody-mediated rejection of the lung: A consensus report of the 

International Society for Heart and Lung Transplantation. J Heart Lung Transplant, 35(4):  

397-406. Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/27044531  

 Consensus paper on the diagnostic criteria and definition of antibody-mediated rejection in 

lung transplant recipients.   

  

Vacha M, et al. (2016).  Antibody Depletion Strategy for the Treatment of Suspected Antibody 

Mediated Rejection in Lung Transplant Recipients: Does it work? Clinical Transplantation.  

31(3). Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/27988971  

 An evaluation of an institution-specific protocol for treating suspected antibody mediated 

rejection in sixteen lung transplant recipients with documented donor specific antibody 

(DSA) present and allograft dysfunction.  A minority of patients had preserved lung function 

and cleared their DSAs at 6 months following treatment with protocol.    
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January SE, et al (2019). Rabbit antithymocyte globulin for the treatment of chronic lung allograft 

dysfunction. Clinical Transplantation. 33e13708. Retrieved from: 

https://pubmed.ncbi.nlm.nih.gov/31494969/ 

 Single-center retrospective cohort study of lung transplant recipients (n=108) treated with 

rATG for CLAD. Treatment with rATG was associated with reversal in the decline of lung 
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