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Abstract

Strategies for induction in lung transplant recipients typically mirror those used

in other solid organ transplant recipients. Polyclonal (Atgam, RATG) and mono-

clonal (OKT3) T-cell depleting agents, IL-2 Receptor antagonists (basiliximab

and daclizumab) have been used most commonly. In spite of evidence from

ISHLT registry reports that induction reduces acute rejection and has a small

benefit in freedom from bronchiolitis obliterans and long-term survival, other

studies have been less convincing in terms of long-term benefit. Future iterations

of induction strategy for lung transplant recipients will hopefully utilize

tolerogenic approaches currently being tested in renal transplantation.

The role of induction

The evolution of induction immunosuppression strategies

for lung transplantation has typically been similar to those

used in other solid organ transplantation. In general, base-

line targets for immunosuppression are higher than those

used in other solid organ transplants, particularly during

the first several months after transplantation. This is likely

because of multiple factors. Transplanted lungs contain sig-

nificant numbers of donor dendritic cells capable of stimu-

lating T cells via direct allorecognition. These cells diminish

in number during the first several months post-transplant

[1]. Allograft injury associated with donor brain death and

the ischemia reperfusion response provide a proinflamma-

tory milieu that enhances the T-cell response [2–4]. The
lung is continually exposed to exogenous pathogens and

toxins capable of stimulating innate and adaptive responses

that may in turn increase T-cell responses via indirect allo-

recognition. Finally, the fact that the lung receives the

entire cardiac output increases the likelihood of matching

circulating T cells with a cognate antigen present in the

lung. Thus, maximizing effective immunosuppression must

be an important consideration for lung transplant recipi-

ents in the immediate post-transplant period. Nonetheless,

enthusiasm for aggressive early immunosuppression must

be tempered by the potential for infection for which expo-

sure to the outside world places the lung allograft at partic-

ular risk.

Thus, many lung transplant centers use an induction

agent in the peri-transplant period to provide enhanced

immunosuppression during this critical period. Because,

in the absence of a positive crossmatch, early allograft

injury is felt to be primarily because of T-cell responses,

induction strategies are focused on T-cell inhibition.

Strategies fall into two general categories, both involving

the use of antibodies. In the first strategy, monoclonal or

polyclonal antibodies with reactivity against one or more

lymphocyte surface antigens are used to deplete T cells

(and other immune cells). In the second, monoclonal,

chimeric antibodies directed against the IL-2 receptor are
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used to inhibit IL-2-dependent T-cell proliferation

(Table 1).

Lymphocyte depleting agents

Therapies intended to deplete circulating T cells fall into

two general categories based on the antibody type: poly-

clonal versus monoclonal.

The polyclonal agents include antilymphocyte (ALG)

and antithymocyte (ATG) globulin. Antithymocyte globu-

lin is the most commonly used of these and is produced by

inoculating animals with human thymocytes, collecting

and filtering the resulting immunoglobulin. The resulting

preparation contains antibodies specific for lymphocytes.

Two ATG preparations are available. Thymoglobulin

(RATG) is derived from rabbit serum and Atgam is derived

from equine serum [5]. Both agents are dosed on a daily

basis for up to 14 days with thymoglobulin having a longer

half-life than Atgam (30 days vs. 5.7 days). Administration

of the antibodies leads to indirect depletion of cytotoxic T

cells through depletion of circulating lymphocytes. Multi-

ple mechanisms including Fc-dependent, complement-

mediated lysis and opsonization with clearance via the

reticuloendothelial system are responsible [6]. Side effects

of ATG preparations include a cytokine-release syndrome

consisting of fevers and rigors, with occasional anaphylaxis,

usually worst during initial dosing. For this reason, acet-

aminophen, diphenhydramine, and steroids are used to

blunt these responses. Leukopenia and thrombocytopenia

are not uncommon. Late complications include immune

complex-related serum sickness and glomerulonephritis.

Because the risk of anaphylaxis increases with multiple

courses, most centers limit the use of these agents to a sin-

gle course (Table 1).

Antibodies contained in these polyclonal c-globulin
preparations may also induce anergy or tolerance through

blockade of costimulatory signals [7] In addition, recent

reports suggest that treatment with ATG can lead to regula-

tory T-cell (T-reg) expansion in vitro and relative T-reg

sparing in vivo [8,9].

In terms of monoclonal antibodies, muromonab-CD3

(OKT3) is considered the prototype agent. OKT3 is a mur-

ine-derived monoclonal antibody directed against the e
chain of the T-cell receptor-CD3 complex. Binding of

OKT3 to T cells leads initially to activation and subse-

quently to depletion of circulating T cells [10–12]. Similar

to ATG, patients receiving OKT3 may have a cytokine-

release syndrome, rarely leading to circulatory collapse. As

such, patients typically receive acetaminophen, diphenhy-

dramine, and steroid prophylaxis [13]. Other, less frequent

side effects of OKT3 include pulmonary edema, aseptic

meningitis, renal insufficiency, and seizures. OKT3 is dosed

on a daily basis starting on the day of transplant and

continuing for up to 7 days post-transplant. As with ATG,

treatment with OKT3 relatively spares T-reg cells [8,9].

OKT3 was voluntarily withdrawn from the United States

market in 2009.

Finally, alemtuzumab is a more recently approved

humanized monoclonal antibody directed against the

CD52 antigen (present on the cell surface of B and T cells

as well as monocytes, macrophages, NK cells, and thymo-

cytes). Alemtuzumab causes depletion of leukocytes

through Fc/complement-mediated cytolysis, antibody-

medicated cellular cytotoxicity, and induction of pro-

grammed cell death. It was originally prescribed in chronic

lymphocytic leukemia and lymphoma and introduced in

renal transplantation in the late 1990s [14]. Use in lung

transplant has been reported by the Pittsburgh Group

Table 1. Agents Commonly Used for Induction in Lung Transplantation.

Agent Composition Activity Major Side Effects

Antithymocyte

Globulins (ATG)

Polyclonal antibodies raised in

horse (Atgam) and rabbit (RATG)

Interacts with thymocyte surface

proteins, leading to lysis, diminished

function, and prolonged T-cell

depletion

Cytokine-release syndrome,

cytopenia, serum sickness,

anaphylaxis

Murmonab

CD3 (OKT3)

Monoclonal antibody Interacts with CD3 surface protein,

leading to activation and, cytokine

release, followed by reduced

function, lysis, and T-cell depletion

Severe, cytokine release syndrome,

pulmonary edema, aseptic

meningitis, seizures, renal failure

Alemtuzumab

(Campath)

Monoclonal antibody directed

against CD52 (present on all B

and T cells, most monocytes,

macrophages, and natural

killer cells)

Binds to CD52 on circulating

leukocytes leading to cell lysis and

prolonged depletion

Mild cytokine-release syndrome,

cytopenia, paroxysmal nocturnal

hematuria

IL-2 Receptor

Antagonists

Chimeric (basiliximab) or

Humanized (daclizumab)

monoclonal antibody against

CD25 (IL-2 receptor a chain)

Binds to CD25 molecule on activated

T cells, leading to interference with

IL-2-dependent T-cell activation

Hypersensitivity reactions

(uncommon); otherwise generally

well tolerated
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[15,16]. Alemtuzumab causes prolonged depletion of

inflammatory cells beyond its 12-day half-life. Recovery of

monocytes, B cells, and T cells occurs at 3 months,

12 months, and 36 months, respectively [17]. Side effects

include a cytokine “storm” similar to, but typically milder

than that observed with T-cell depleting agents. Paroxysmal

nocturnal hematuria may also be seen with alemtuzumab

[18]. Similar to the agents above, alemtuzumab treatment

is less effective at depletion of regulatory T cells. Memory T

cells are also relatively spared [9,18].

IL-2 Receptor antagonists

Rather than depletion, daclizumab and basiliximab are chi-

meric monoclonal antibodies directed against the a(tac)
subunit of the IL-2 receptor (CD25). Daclizumab, which is

no longer available in the US, is a “humanized” monoclo-

nal antibody, consisting of 90% human and 10% murine

IgG [19]. Basiliximab is a glycoprotein obtained from fer-

mentation of an established mouse myeloma cell line genet-

ically engineered to express plasmids containing the human

heavy and light chain constant region genes and mouse

heavy and light chain variable region genes encoding an

antibody that binds selectively to CD25 [20]. Through

interaction with the IL-2 receptor, these antibodies inhibit

T-cell proliferation and differentiation but do not lead to

significant T-cell depletion. Because of a larger percentage

of murine versus human components, basiliximab has a

shorter half-life (13 days) and effective IL-2 receptor satu-

ration (30 days) than daclizumab (20–40 days and

120 days, respectively) [21,22]. Basiliximab is dosed at

20 mg on the first and fourth days post-transplant. Dac-

lizumab is dosed at 1 mg/kg within the first 24 h post-

transplant and then every 2 weeks for four additional doses

[19,20]. Because they are largely composed of human

amino acid sequences, IL-2R antagonists generally have

minimal side effects although basiliximab has rarely been

Table 2. Studies of induction in lung transplant recipients.

Study Description Key Results

ISHLT Registry

Reports [33,35–39]

Retrospective analyses of data submitted to the ISHLT

registry for heart and lung transplantation reports

Decreased incidence of BOS

Benefit when 14-day conditional survival considered

IL2RA with lower incidence of acute rejection

OKT3 with increased and IL2RA decreased risk for 5-year

mortality in 2012 registry report [33]

Hachem et al. [34] Independent, retrospective multivariate

analysis of data submitted to the ISHLT registry.

4-year survival in patients receiving IL2RA and ATG was

better than without induction

No difference in BOS between IL2RA and no induction groups

Palmer et al. [41]

Hartwig et al. [42]

Single center, prospective, randomized

comparison of RATG versus no induction

The initial study showed reduced acute rejection and a

trend toward reduced BOS with RATG. The follow-up study

confirmed a reduction in early rejection but showed

no difference in survival at 8 years.

Mullen et al. [43] Single center, prospective, randomized

comparison of RATG and daclizumab

No difference in acute rejection, BOS or survival

Higher incidence of CMV in daclizumab group (also had

higher CMV mismatches)

Brock [44] Single center, prospective, randomized comparison

of OKT3, RATG and daclizumab

No difference in acute rejection, BOS or 2-year survival. OKT3 had

the highest and daclizumab had the lowest incidence of infection.

Shyu et al. [16] Single center, retrospective analysis of alemtuzumab

induction compared with historical controls receiving

no induction, daclizumab or RATG.

Five-year survival, freedom from acute rejection, lymphocytic

bronchitis, OB, and BOS were better in the alemtuzumab group

PTLD incidence was no different across groups
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Figure 1 Use of induction agents in lung transplantation by Year. Data

from [33,52].
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reported to cause pulmonary edema and an ARDS-like syn-

drome [23]. Based on their effectiveness in reducing acute

rejection in renal [24,25] and cardiac transplant [26,27],

and favorable side effect profiles, these agents became the

most common form of induction in lung transplant recipi-

ents shortly after their introduction in the late 1990s

[28,29] (Fig. 1). Nonetheless, in contrast to T-cell depleting

agents, IL-2R antagonists appear to reduce and/or prevent

development of T-regs [9,30].

Efficacy

Evidence in renal and cardiac transplants that induction

can reduce the incidence of acute rejection and prolong

graft survival [24–27,31,32], provides a strong rationale for
their use in lung transplantation. Moreover, there are

potential secondary benefits including renal protection

related to delaying initiation of calcineurin inhibitor (CNI)

until the postoperative effects of hypovolemia and cardio-

pulmonary bypass can be overcome and a longer window

to achieve adequate CNI levels. However, during more than

half of the past 12 years, at least 50% of lung transplant

recipients did not receive induction [29,33] (Fig. 1). In

addition to concerns about the increased risk of infection

associated with induction [34], demonstration of clear ben-

efit of induction in lung transplant recipients has been diffi-

cult to obtain (Summarized in Table 2).

Reports from the registry of the International Society

of Heart and Lung Transplantation (ISHLT) in the recent

era have consistently shown a decreased incidence of BOS

and survival benefit (when patients not surviving at least

14 days are excluded from the analysis) for those receiv-

ing induction agents [33,35–39] (Fig. 2). In the most

recent report, induction with OKT3 showed an increased

risk for 5-year mortality in a multivariable analysis of

adult lung transplant recipients surviving at least 1 year.

In the same analysis, IL2-R antagonist induction reduced

the 5-year mortality risk [33]. These reports have also

indicated a decreased incidence of acute rejection in

patients treated with IL-2R antagonists as compared with

no induction, or ALG/ATG [33,37–39]. Patients receiving
alemtuzumab had lower incidence of acute rejection in

the 2010 report, but not in more recent reports [37]. The

ISHLT heart and lung transplant registry includes data

from nearly 400 participating centers. Although roughly

15% of these submit data manually through a web-based

entry system, the majority of the data is obtained through

data sharing agreements with several “Data Collectives”

including the United Network for Organ Sharing

(UNOS), Eurotransplant, and UK Transplant. Hence, for

the majority of the data, the ISHLT registry primarily

depends on the data collectives for ensuring accuracy

[40]. It is also important to emphasize that these reports

include the disclaimer “however, these findings should be

interpreted with caution because they may be confounded

by contraindications to induction therapy and are not

adjusted for age, diagnosis category, center, or other

potentially confounding factors” in relation to the find-

ings about induction.

Another study utilizing nearly 4000 patients from the

ISHLT registry who received transplants between 2000 and

2004 attempted to address some of these potential con-

founding factors. Consistent with the registry reports, the

authors found that survival at 4 years was better in the IL2-

R antagonist (64%) and polyclonal ATG (60%) groups

than the no induction group (57%). They were also able to

demonstrate that the use of these agents remained a statisti-

cally significant predictor of survival in a multivariable Cox

analysis model using multiple other recipient and donor

factors including diagnosis, HLA matching, donor age,

and center volume. Interestingly, the survival difference

could not be explained by a difference in BOS, as the IL2-R
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antagonist group had similar freedom from BOS compared

with the no induction group and better freedom from BOS

than the polyclonal ATG group [34].

Although single center studies may also be able to

address some of the potential confounders present in the

registry studies, they are limited by power and, in most

cases, their retrospective natures. Moreover, results from

such studies have been contradictory.

In two studies from the Duke program, the first demon-

strated a reduced incidence of acute rejection and a trend

toward reduced BOS in patients receiving RATG induction

[41]. However, a follow-up study from the same group did

not confirm those findings. Although early rejections were

reduced, overall acute rejection and, more importantly,

survival at 8 years was no different [42].

IL-2R antagonists have been evaluated in two prospective

controlled trials. In the first, comparing daclizumab and

antithymocyte globulin induction, no difference in acute

rejection was observed. The daclizumab group had a higher

incidence of CMV infections. That group also had a higher

percentage of CMV mismatches [43]. In the second study,

daclizumab was compared with OKT3 and antithymocyte

globulin. There was no difference in acute rejection fre-

quency, freedom from BOS or 2-year survival. However,

daclizumab had the lowest incidence of infection [44].

Other small retrospective studies involving comparisons

of specific induction agents have been published with con-

flicting results. In one study, daclizumab was superior to

ATG in terms of acute rejection, BOS, and mortality [45].

Another demonstrated a lower rejection rate with dac-

lizumab [46]. However, two others demonstrated increased

acute rejection and BOS with daclizumab or basiliximab

rather than antithymocyte globulin induction [47,48].

In a single center, retrospective study, Moffatt and col-

leagues concluded that patients receiving RATG induction

had significantly improved survival and freedom from

acute rejection, BOS, and infection when compared with

OKT3 [49].

Two small studies suggest that the timing of induction

may be important. In a single center, retrospective study,

patients who received the first dose of basiliximab prior to

implantation had a lower cumulative rejection score com-

pared with those who received the first dose of basiliximab

prior to implantation or no induction [50]. Similarly, in a

small retrospective study of pediatric lung transplant recipi-

ents, RATG administered prior to reperfusion of the first

lung had a low (5.2%) incidence of grade A2 or greater

acute rejection in the first 6 months post-transplant com-

pared with 25–50% in other published studies [51].

Data regarding alemtuzumab in lung transplantation

have come primarily from the group at the University of

Pittsburgh. One report compared early outcomes of

patients receiving alemtuzumab induction followed by

reduced maintenance immunosuppression (tacrolimus

with target level 10 ng/ml, mycophenolate mofetil (MMF)

250 mg bid, and prednisone 7.5 mg daily) to historical

controls who received standard immunosuppression but

no induction. No difference was observed in patient and

graft survival, acute rejection (AR), and infection rate

[15]. More recently, investigators from Pittsburgh pub-

lished 5-year retrospective data. Patients receiving ale-

mtuzumab had 5-year patient survival comparable to

those receiving thymoglobulin and better than those

receiving daclizumab or no induction. Five-year graft sur-

vival was nearly 60% in the alemtuzumab group compared

with less than 50% in the thymoglobulin, daclizumab, or

no induction groups. Five-year freedom from acute rejec-

tion, lymphocytic bronchitis, OB, and BOS were best in

the alemtuzumab group. Freedom from BOS was 54% in

the alemtuzumab group compared with thymoglobulin

(27%), daclizumab (43%), and no induction (46%). The

incidence of PTLD in this population was no different

among groups. Although infection as a cause of death was

no different across the induction groups, incidence of

infection was not reported [16].

It would be reasonable to conclude, based on consistent

evidence of reduced BOS and slightly better survival, cou-

pled with reduced acute rejection that IL-2R antagonists

would be the best compromise. Indeed, the ISHLT and

UNOS registry reports show increased use of IL-2R antago-

nists up until 2010 [33,52]. It is not surprising that, given

the limitations of registry studies, and the lack of convinc-

ing data from more carefully controlled studies, and more

recently raised concerns that IL-2R antagonists my impair

the development of T-regs, [9,30] that use of induction

agents overall has waned in the recent past [33,52].

Future

Although all of the induction agents used in lung transplan-

tation appear to have some benefit in terms of early acute

rejection and potential for a modest long-term benefit in

terms of freedom from BOS and patient survival, it seems

clear that none of the currently utilized induction

approaches are going to lead to long-term outcomes com-

parable to those obtained with other solid organ trans-

plants.

To achieve that goal, initial immunosuppression strate-

gies for lung transplantation will likely need to be adapted

based on an evolving understanding of mechanisms of tol-

erance development including the role of humoral immu-

nity, the importance of regulatory T and B Cells and the

potential benefit of costimulatory blockade.

Successful strategies will probably involve one of the

strategies currently being investigated in renal transplanta-

tion, either by inducing mixed chimerism [53] or involving
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the use of costimulation blockade agents such as belatacept

[54].

Yet, to date, there are no data regarding the use of these

strategies in human lung transplant. Animal studies are

mixed regarding the potential befit for lung transplant

recipients. In a study using cynomolgus monkeys, in spite

of the successful induction of mixed chimerism in recipi-

ents of fully MHC-mismatched lung allografts, the lung

recipients rejected their allografts significantly earlier than

kidney recipients [55]. In a study in murine orthotopic

lung transplant, blockade of the CD28/B7 costimulatory

pathways reduced acute cellular rejection in the absence of

CD4 + T cells, but did not affect acute rejection when

CD4 + T cells were present [56]. However, another murine

orthotopic lung transplant study demonstrated that

CD154/CD40 costimulation blockade was sufficient to sig-

nificantly reduce allospecific effector T-cell responses

including acute cellular rejection and facilitate development

of CD4 + T regulatory cells [57]. Thus, these strategies do

not appear to be ready to use in clinical transplantation.

In summary, the literature does not provide clear guid-

ance regarding the use of induction in lung transplant.

Until more clearly effective regimens are available, deci-

sions regarding induction will probably be patient- and

center-dependent, balancing the risk of infection against

the need to limit the incidence of acute rejection in the

early post-transplant period. More effective tolerogenic

induction strategies remain to be elucidated.
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