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Background

Induction therapy is used in about 80% of lung transplant centers and is increasing globally. Currently, there are no standards or guidelines for the use of induction therapy. At our institution, we have two induction strategies, basiliximab, and alemtuzumab. The goal of this manuscript is to share our experience and practice since this is an area of controversy.



Methods

We retrospectively reviewed 807 lung transplants performed at our institution between 2011 and 2020. Indications for the use of the basiliximab protocol were as follows: patients over the age of 70 years, history of cancer, hepatitis C virus or human immunodeficiency virus infection history, and cytomegalovirus or Epstein-Barr virus (donor positive/ recipient negative). In the absence of these clinical factors, the alemtuzumab protocol was used.



Results

453 patients underwent alemtuzumab induction and 354 patients underwent basiliximab. There were significant differences in delayed chest closure (24.7% alemtuzumab vs 31.4% basiliximab, p = 0.037), grade 3 primary graft dysfunction observed within 72 hours (19.9% alemtuzumab vs 29.9% basiliximab, p = 0.002), postoperative hepatic dysfunction (8.8% alemtuzumab vs 14.7% basiliximab, p = 0.009), acute cellular rejection in first year (39.1% alemtuzumab vs 53.4% basiliximab, p < 0.001). The overall survival rate of the patients with alemtuzumab induction was significantly higher than those of the patients with basiliximab induction (5 years survival rate: 64.1% alemtuzumab vs 52.3%, basiliximab, p < 0.001). Multivariate Cox regression analysis confirmed lower 5-year survival for basiliximab induction (HR = 1.41, p = 0.02), recipient cytomegalovirus positive (HR = 1.49, p = 0.01), postoperative hepatic dysfunction (HR = 2.20, p < 0.001), and acute kidney injury requiring renal replacement therapy (HR = 2.27, p < 0.001).



Conclusions

In this single center retrospective review, there was a significant difference in survival rates between induction strategies. This outcome may be attributable to differences in recipient characteristics between the groups. However, the Alemtuzumab group experienced less episodes of acute cellular rejection within the first year.
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Introduction

The percentage of induction therapy for lung transplant recipients is increasing worldwide, with over 80% of patients receiving any form of induction therapy (1). The percentage of patients receiving an interleukin-2 receptor antagonist such as basiliximab has increased, and the percentage receiving anti-lymphocyte or anti-thymocyte globulin or alemtuzumab has decreased (1). Currently, there are no standards or guidelines for induction therapy. However, while still controversial, the use of induction therapy protocols can help reduce acute rejection and allow for minimization of maintenance immunosuppression in the perioperative period. Induction therapy mainly targets T cells, and T cells are considered the effector cells in cell-mediated rejection. Interleukin 2 receptor antagonists (basiliximab) are the most used induction therapies. Basiliximab is a monoclonal antibody targeting CD25, is generally well tolerated and has few side effects (1–3). Alemtuzumab is a humanized monoclonal antibody targeting CD52. CD52 antigen is found on T and B lymphocytes, natural killer cells, monocytes, and macrophages. Alemtuzumab induces cellular lysis and causes profound and prolonged suppression in T and B lymphocytes. Because of the body’s profound immunosuppressive response to alemtuzumab, patients may be given a reduced calcineurin inhibitor and antimetabolite exposure, and low dose steroid maintenance immunosuppression regimen in the immediate postoperative period (2–7). Our previous study showed that alemtuzumab induction had a survival rate comparable to that of thymoglobulin induction and may improve the prognosis of lung transplant, particularly graft survival, decreased frequency of acute cellular rejection and lymphocytic bronchitis, and reduced risk of chronic rejection compared to daclizumab induction or no induction (4).

The choice of induction protocol at our institution is based on several clinical factors, including donor and recipient cytomegalovirus (CMV) or Epstein-Barr virus (EBV) mismatch, cancer history, or older age (older than 70 years old). We are one of the few lung transplant centers that use both basiliximab and alemtuzumab induction and we would like to share our experience and practice since this continues to be an area of controversy.



Patients and Methods


Patients

We performed a retrospective analysis of all 840 lung transplant recipients at the University Pittsburgh Medical Center between 1/1/2011 and 12/31/2020. Exclusion criteria included age under 18 (n=3), multiorgan transplant [heart and lung transplants (n=6), lung and liver transplant (n=1)], re-do lung transplants (n=21), and thymoglobulin induction (n=2). The remaining 807 lung transplant recipients, which includes 453 alemtuzumab induction and 354 basiliximab induction, were part of this analysis (Figure 1). We assessed the preoperative and operative patient characteristics and postoperative course. The study protocol was approved by the institutional review board of the University Pittsburgh Medical Center.




Figure 1 | Algorithm of selection of study population.





Induction Therapy Protocols

Choice of induction protocol was discussed in our multidisciplinary lung transplant meeting (pulmonology, thoracic surgery, critical care, transplant infectious disease and pharmacists, etc.) prior to listing. Indications for the use of the basiliximab protocol were as follows: patients over the age of 70 years, history of cancer, hepatitis C virus (HCV) or human immunodeficiency virus (HIV) infection history, and CMV or EBV mismatch (donor positive/ recipient negative). In the absence of these clinical factors, the alemtuzumab protocol was used. Currently, we are selecting induction according to this protocol, but in the early period of the observation period, it was determined by the discretion of the multidisciplinary committee and the primary physician, and a few cases deviate from the contemporary protocol. Our institutional protocol for immunosuppression is presented in Table S1.



CMV Prophylaxis

Our institution employs a universal CMV prophylaxis strategy post-transplant. Recipients who are CMV high risk (donor seropositive and recipient seronegative) receive at least one year of oral valganciclovir 900 mg daily. In contrast, those who are moderate risk (donor seropositive or seronegative and recipient seropositive) receive at least six months of valganciclovir 450 mg daily. Patients are also routinely monitored for viremia by CMV DNA PCR approximately every 1-2 weeks for at least one year.



CMV Treatment

Treatment for CMV infection is initiated when active viral replication is detected on DNA PCR with induction-dosed oral valganciclovir 900 mg twice daily or intravenous ganciclovir 5 mg/kg every 12 hours, at the discretion of the transplant pulmonologist and/or transplant infectious disease physician. Induction dosing of antiviral therapy is continued until clearance of viremia is documented by two consecutive negative DNA PCRs at least one week apart. Following induction dosed antiviral therapy, patients receive at least an additional three months of antiviral prophylaxis with oral valganciclovir or letermovir. CMV infection is also managed by the reduction in maintenance immunosuppression and/or incorporation of a mTOR inhibitor into the maintenance immunosuppression regimen, when appropriate.



Biopsy and Rejection Treatment

Patients underwent transbronchial biopsy two weeks after lung transplant, either in the operating room or in our dedicated bronchoscopy suite, to determine the presence of acute cellular rejection. If grade 2 acute cellular rejection or higher was identified in the absence of any active infection, pulse dose i.v. (intravenous injection) methylprednisolone was given for three consecutive days.



Statistical Analysis

Univariable analyses for continuous variables utilized Mann-Whitney tests, and categorical analyses were performed using Chi-squared test. Overall survival was analyzed with both the Kaplan-Meier method using a log-rank test and a multivariable-adjusted model using Cox regression. Univariable analyses were performed using SPSS (v. 27; Armonk, NY, USA). Survival and Cox regressions were performed using R (v. 4.0.2). Statistical significance was defined as p < 0.05.




Results

There were some differences in preoperative characteristics among patients. We observed a significant difference in the distribution of recipient CMV positive (58.9% alemtuzumab vs 29.4% basiliximab, p < 0.001), CMV mismatch (9.5% alemtuzumab vs 60.2% basiliximab group, p < 0.001), and history of cancer (2.9% alemtuzumab vs 23.2% basiliximab, p < 0.001) (Table 1).


Table 1 | Patient demographic and preoperative characteristics.



Intraoperative and postoperative variables also demonstrated significant differences in the need for delayed chest closure (24.7% alemtuzumab vs 31.4% basiliximab, p = 0.037), grade 3 primary graft dysfunction observed within 72 hours after lung transplant (19.9% alemtuzumab vs 29.9% basiliximab, p = 0.002), postoperative hepatic dysfunction (8.8% alemtuzumab vs 14.7% basiliximab, p = 0.009), acute cellular rejection in first year (39.1% alemtuzumab vs 53.4% basiliximab, p < 0.001) (Table 2).


Table 2 | Operative and post-operative characteristics.




Survival

The overall survival of the patients with alemtuzumab induction was significantly better than that of the patients with basiliximab induction (5 years survival rate: 64.1% alemtuzumab vs 52.3%, basiliximab, p < 0.001, Figure 2). Figure 3 shows a comparison of bronchiolitis obliterans syndrome-free survival by Kaplan-Meier analysis. There was no significant difference between the two groups (p = 0.065). Cox regression analysis showed basiliximab induction (HR = 1.41, 95% confidence interval (CI) = 1.06-1.87, p = 0.02), recipient CMV positivity (HR = 1.49, 95% CI = 1.11-2.00, p = 0.01), postoperative hepatic dysfunction (HR = 2.20, 95% CI = 1.62-2.99, p < 0.001), and acute kidney injury requiring renal replacement therapy (HR = 2.27, 95% CI = 1.73-2.98, p < 0.001) were independent risk factors for overall survival (Table 3). There was no significant difference in recipient cause of death (Table 4).




Figure 2 | Kaplan-Meier curve for patients survival.






Figure 3 | Kaplan-Meier curve for bronchiolitis obliterans syndrome (BOS) free survival.




Table 3 | Multivariable Cox regression predicting post-transplant survival.




Table 4 | Cause of death.






Discussion

There are few reports that directly compare alemtuzumab and basiliximab as induction therapy for lung transplant (2, 3, 8). In our study, we found that acute cellular rejection was significantly lower in the alemtuzumab group within the first year. There was a significant difference in survival between the two groups, with better survival in the alemtuzumab group compared to the basiliximab group. The rate of primary graft failure as a cause of death was not significantly different in the two groups. There was no significant difference in the incidence of bronchiolitis obliterans syndrome or bronchiolitis obliterans syndrome-free survival between the alemtuzumab group and the basiliximab group. We could not determine the cause of the difference in survival. This may primarily be due to intrinsic selection bias, since several recipient related factors conferred a higher risk profile to the patients in the basiliximab group: more patients with pulmonary fibrosis, HCV history, HIV history, and history of cancer. In the Cox regression model, survival was affected by basiliximab induction, recipient CMV positivity, postoperative hepatic dysfunction, and acute kidney injury requiring renal replacement therapy. Hepatic dysfunction and acute kidney injury reflect surgical complexity for these patients and a negative effect in their survival. In multivariate analysis, although recipient CMV positivity was a risk factor for death (OR 1.49, 95%-CI 1.11-2.0), CMV mismatch was not (OR 1.13, 95%-CI 0.79-1.62). This might be due to the differences in the baseline characteristics of the two groups, which were accounted for in the multivariate analysis. It is also possible that our universal treatment protocols for CMV may have contributed to CMV mismatch not being a risk factor for death. Basiliximab induction was a poor prognostic factor, but this is difficult to explain because of the several confounders in the baseline characteristics, such as diagnosis, history of cancer, and the number of patients over 70 years of age.

Whitson et al. used data from the United Network for Organ Sharing (UNOS), the United States of America organ procurement and transplantation network, and reported that basiliximab induction or alemtuzumab induction was associated with better survival than no induction, but they did not make a direct comparison between basiliximab and alemtuzumab (8). Furuya et al. also used UNOS data and reported that while basiliximab induction and alemtuzumab induction had better survival rates than those without induction, survival of the alemtuzumab induction group is similar to those of the basiliximab induction group (2). They also reported that alemtuzumab was associated with longer freedom from bronchiolitis obliterans syndrome compared with basiliximab or no induction. Whited et al. reported that in a direct comparison of alemtuzumab and basiliximab induction in a single-center, the alemtuzumab group had less acute cellular rejection at six months postoperatively and had similar infection and survival rates (3).

We have previously reported that the basiliximab induction was associated with higher bronchial dehiscence than the alemtuzumab induction (9). We believe that this may be largely due to the higher dose of methylprednisolone in the immediate postoperative period that our basiliximab protocol requires. We also previously reported that early post-transplant lymphoproliferative disease (PTLD) is associated with alemtuzumab induction, especially EBV-mismatched groups (10). Alemtuzumab is thought to cause stronger immunosuppression, and there was concern that it could increase malignancies and infections. In our study, there was no significant difference in infections such as pneumonia or wound infection. It may be important to note that although there were fewer patients with prior cancer history in the alemtuzumab group than in the basiliximab group, deaths from cancer were similar in both groups.

Several limitations of our study should be mentioned. First, this study was retrospective, and therefore the results are subjected to recall and reporter biases. Second, we report the results of a single-center analysis. Third, because the indications for the use of the two induction protocols are different, there may be unmeasured confounding variables associated with these indications that may have influenced the results. There are also numerous other confounding variables that may have significantly affected patient survival, including maintenance immunosuppression regimens, the incidence of acute cellular rejection beyond the first post-transplant year, the occurrence of antibody-mediated rejection, CMV infection, or disease, other infectious processes, and post-transplant malignancy.

However, all in all, our results suggest that alemtuzumab should still be considered as a viable and effective induction strategy with the potential to reduce acute cellular rejection.
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6(1.7)
46.8 (36.1-67.9)
24.6 (209-28.7)
46.5(19.0-180.3)
104 (29.4)
334 (95.7)
18 (5.1)
6(1.7)

213 (60.2)
14 (4.0)
152 (42.9)
20 (5.6)

82 (23.2)
34(9.6)

p value

0.58
0.42

0.29

0.002

0.07
0.07
0.29
<0.001
0.15
0.002
0.005
<0.001
0.15
0.98
0.006
<0.001
0.41

Odds Ratio

0.29
0.56
3.99
0.43
14.4
1.82

2.94
102
1.23

95% CI

0.76-1.95

0.88-1.54

0.22-0.39
0.26-1.24
1.67-10.16
0.40-0.47
9.86-21.05
0.80-4.16
0.75-1.32
1.32-6.54
5.58-18.67
0.75-2.01





