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cepted modality of treatment for patients with

Abstract

Lung transplantation has become a real alternative for some patients with end-stage lung
disease to improve their quality of life and long-term survival.

The emergence of powerful immunosuppressants that operate in different ways of alloimmune
response has been one of the factors responsible for the progressive improvement of survival.
However, the favorable results of other organs have not been corroborated in lung transplantation,
where acute and chronic rejection rates are high and are one of the most important factors
responsible for the morbidity and mortality.

The two major complications associated with lung transplantation are rejection and infection.
Both complications can cause death, highlighting the importance of an adequate immunosup-
pressive therapy to improve medium and long-term survival. Therefore, the key for successful
lung transplantation is to achieve the suitable level of immunosuppression that allows preventing
rejection without increasing infections or other side effects. From the existing data on induction
therapy in lung transplantation it seems to be a good option to prevent or reduce acute and
chronic rejection and to decrease the nephrotoxicity related to the use of calcineurin inhibitors
Nowadays, induction therapy seems to be a good option to prevent or reduce acute and chronic
rejection and to decrease the nephrotoxicity related to the use of calcineurin inhibitors.
(Trends in Transplant. 2011;5:196-204)
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end-stage lung disease. Since the 1990s, more
than 25,000 procedures have been performed
worldwide'. For patients with severe function-
al disability and short life expectancy, lung
transplantation offers the possibility to improve
quality of life and survival. The treatment is
remarkably successful, and more than 80% of
patients survive the first year and more than
50% of patients survive after five years. The
number of patients on the waiting list for a
lung transplant in the USA has increased due
to its indication as a therapy for end-stage
lung disease and progressive improvement of

Currently, lung transplantation is an ac-
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the outcomes in relation to the progress made
in donor management, surgical techniques,
immunosuppression, and patient postopera-
tive care?.

However there are still many areas of
improvement. In fact comorbities related to
immunossuppresion are very high.

According to the 2011 International So-
ciety of Heart and Lung Transplantation (ISHLT)
Registry, the most frequent comorbidities in lung
transplant patients are hypertension (52.3 and
83.7%), renal dysfunction (23.9 and 33.3%),
hyperlipidemia (24.7 and 57.5%), diabetes
(26.2 and 39.6%) and bronchiolitis obliterans
syndrome (9.5 and 37.9%) at one year and
five years posttransplantation, respectively®.

The two main causes of death reported
in the ISHLT registry between January, 1992
and June, 2010 during the first month and up
to the first year are graft failure and non-cyto-
megalovirus (CMV) infections. After the first
year, the most common causes of death are
bronchiolitis obliterans syndrome (BOS), graft
rejection, and non-CMV infections®.

GAP areas in lung transplantation
Rejection

The first barrier to long-term graft and
patient survival is transplant rejection. The high
incidence of acute rejection after lung trans-
plantation may be explained by different rea-
sons. First, no donor-recipient human leukocyte
antigen (HLA) matching is performed. Second,
the lung graft is constantly in contact with the
external environment and exposed to various
inhaled agents, such as fumes, toxins, and
infectious agents, which may potentially cause
local inflammation and favor non-immunological
rejection. Finally, the lung graft contains a huge
amount of donor antigen-presenting cells
constantly processing and presenting HLA

alloantigens to recipient lymphocytes that
initiate a process of immune recognition® and
frequent infections in these recipients.

We can find different types or categories
of rejection depending on the time when it
occurs: hyperacute rejection, acute rejection,
and chronic lung allograft dysfunction”8.

Hyperacute rejection

Immediate response after transplantation:
it is an antibody reaction in response to blood
group antigens, HLA, and other antigens that
cause cell injury®.

Acute rejection

Cellular rejection is an immunological re-
sponse of T-cell-mediated inflammation to HLA
of the donor; it is very common in first 100 days
posttransplantation. Rejection rates reduce over
time, but acute rejection can appear at any
point in the evolution of the patient. Humoral
rejection can also occur, but, to date, its diag-
nostic criteria are not well-defined. Nowadays
it is known that the intensity of acute rejection
and its recurrence are risk factors for chronic
rejection. Hence, an immunosuppressant regi-
men that reduces the incidence of acute re-
jection presumably would reduce the chronic
rejection and improve survival (Fig. 1).

Chronic rejection or chronic lung
allograft dysfunction

This is the most important cause of mor-
bidity and mortality in lung transplantation.
Recently, two very distinct forms of this post-
transplant complication have been defined.
One is BOS, and correlates with the histologic
diagnosis of obliterative bronchiolitis and shows
irreversible obstructive changes in pulmonary
function. The other form of chronic lung allograft

197



198

Trends in Transplantation 2011;5

60

No induction vs. IL-2R (p = 0.0002)
50 1+ Polyclonal vs. IL-2R (p = 0.0099)
IL-2R vs. Alemtuzumab (p = 0.0115)

40

301

204

10+

% experiencing rejection withim 1 year

[JNo induction, treatment

H Polyclonal, treatment
[OIL-2R antagonist, treatment
@ Alemtuzumab, treatment

T

ZNo induction, no treatment

H Polyclonal, no treatment

IL-2R antagonist, no treatment
@ Alemtuzumab, no treatment

No induction: n = 3,157
Polyclonal: n = 686

IL-2R antagonist: n = 2,682
Alemtuzumab: n = 477

— Treated rejection = Recipient was reported to (1) have at
least one acute rejection episode that was treated with an

anti-rejection agent; or (2) have been hospitalized for rejection.

— No rejection = recipient had (i) no acute rejection episodes
and (ii) was reported either as not hospitalized for rejection
or did not receive anti-rejection agents.

Figure 1. Reported rejection between discharge and the 1-year follow-up for adult lung transplant follow-up assessments from July 2004
through June 2010, stratified by type of induction therapy. Rejection is classified as treated (solid) or untreated (hatched). Analysis is limited
to patients who were alive at the time of the discharge. IL-2R: interleukin-2 receptor. (adapted from Christie, et al.?).

dysfunction is the restrictive allograft syndrome,
representing 30% of it”8. It is characterized by
a restrictive fibrotic pulmonary process with
worse impact on survival. Both disorders are
possibly the result of different etiological factors,
including the response of the host, but currently
it cannot be predicted which form of chronic
lung allograft dysfunction will appear or when
it will appear. The only treatment aimed at stop-
ping chronic lung allograft dysfunction that has
shown effectiveness in the short to medium
term is azithromycin in patients with BOS as-
sociated with neutrophilic inflammation.

Infections

Opportunistic infections are a common
cause of morbidity and mortality in lung trans-
plant recipients. The rate of infection in lung
transplant recipients is higher than in recipients

of other organs as a consequence of the
exposure of the allograft to the external en-
vironment&:10.11,

Common opportunistic infections®13
seen in lung transplant recipients include:
bacterial, mainly gram-negative infections,
CMV, and fungal infections.

Tumors or lymphomas

Malignancies are common after lung
transplantation: 13% of surviving recipients
reported at least one malignancy at five years
after transplantation and 27% at 10 years after
transplantation®. The most common tumors in
lung transplant patients are skin cancer and
lymphomas'3. The majority of lymphomas are
diagnosed after the first posttransplant year.
Lung transplant patients (mainly cystic fibrosis
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receptors) show the highest cancer relative risk
among different types of organ transplants®.

Acute renal failure
and chronic kidney disease

There is a high incidence of acute renal
failure in lung transplants in the immediate
postoperative period, and a positive correlation
between the degree of kidney failure at one
month and that observed at six and 12 months
after the transplant'®. Chronic kidney disease
(CKD) is a common complication after lung
transplantation. According to the ISHLT Reg-
istry, 23.9% of transplant recipients surviving
at one year develop renal dysfunction and up
to 33.3% at five years. In a Spanish retrospec-
tive study, Paradela de la Morena, et al. re-
ported a CKD incidence at one year of 50.7%,
63.9% at two years and 68.6% at five years'”.
In addition, recipients who developed CKD at
one year after transplantation showed a stron-
ger association with mortality than did patients
who did not develop it (p = 0.001).

In another Spanish observational, mul-
ticenter, longitudinal study of 113 consecutive
patients with lung transplantation with at least
two years of evolution, the CKD prevalence
was 58.4%, but this was underestimated in
21.2% of cases'®.

Taking all these data into consideration,
strategies aiming to reduce early renal injury,
such as calcineurin inhibitor (CNI) sparing or
delayed introduction by means of induction
therapy, should be considered.

Taking in account all these frequent co-
morbidities the goal for induction therapy in
lung transplant is triple first to try reduce indi-
cence of rejection. Second, to give comfort-
able time-frame to achieve target levels of
calcineurin inhibitors without exposing the
patient to the risk of early acute rejection.
Third, induction therapy allows renal function

to recover from operative stresses, such as
hypovolaemia or negative effects of cardiopul-
monary bypass without being exposed to the
toxic effects of calcineurin inhibitors. However,
the fear of increased post-transplant infections,
especially cytomegalovirus (CMV) infection, and
posttransplant malignancies, both events very
frequent in lung transplantation precludes its
use in half of world centers.

Immunosuppression and induction
therapy in lung transplantation

As mentioned before, lung transplanta-
tion is a real alternative for patients with end-
stage lung diseases to improve their quality
of life and prolong survival. But, currently, the
challenge is to achieve medium and long-term
survival with good quality of life.

In order to prevent allograft rejection
and subsequent damage to the new lung or
lungs, recipients must take a regimen of im-
munosuppressive drugs (Table 1). A common
immunosuppression regimen used consists in
CNI, antiproliferative agents, and corticoster-
oids with or without induction therapy. It is not
known as to which is the best immunosup-
pressive regimen to improve medium and
long term outcomes. Induction therapy is ad-
ministered differently depending on the working
groups, and its use is intended to minimize
complications such as acute rejection or renal
impairment, contributing to ameliorate long-
term results.

The ISHLT Registry has reported tac-
rolimus as the most commonly used com-
pared with cyclosporin A (CsA) both at one
and five years after lung transplantation. In the
same way, mycophenolate mofetil (MMF) is
prescribed more commonly than azathioprine at
one and five years after lung transplantation®'°.

Currently, the most common combination
immunosuppressive therapy is tacrolimus and
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Table 1. Inmunosuppressive drugs, their mechanisms of action and side effects

Agent Mechanism of action

Side effects

ATG Fixes numerous antigens on lymphoid cells; depletion of Cytokine release syndrome

circulating lymphocytes

OKT3 Fixes CD3 present on T-lymphocytes; depletion of

circulating lymphocytes

Leukopenia, thrombopenia

Cytokine release syndrome
Pro-coagulation effect
Possible sensitization with loss of efficacy

Basiliximab Binds the a-chain of IL-2 receptor; blocks the Unreported
proliferation induced by IL-2
Cyclosporin A Binds cyclophilin; inhibits calcineurin; inhibits cytokine Nephrotoxicity
gene transcription Hypertension
Hypercholesterolemia
Hypertrichosis
Gingival hypertrophy
Tacrolimus Binds FKBP-12; inhibits calcineurin; inhibits cytokine Nephrotoxicity
gene transcription Hypertension
Neurotoxicity
Diabetes mellitus
Alopecia
Azathioprine Inhibits purine biosynthesis and lymphocyte proliferation Leukopenia
Mycophenolate mofetil  Inhibits purine biosynthesis and lymphocyte proliferation Diarrhea
Leukopenia
Sirolimus/everolimus Binds FKBP-12; inhibits the proliferative response to Hyperlipemia
cytokines and growth factors Thrombocytopenia
Arthralgia

ATG: antithymocyte globulin; OKT3: monoclonal anti-CD3 antibody; IL: interleukin; FKBP: FK (tacrolimus)-binding protein.

Adapted from Knoop, et al.® and Martinu, et al.’’

MMF (35%), followed by tacrolimus and azathio-
prine (20%), CsA and MMF (15%), and CsA and
azathioprine (5%). Use of mammalian target of
rapamycin (MTOR) inhibitors (everolimus and
sirolimus) remains relatively low, less than 20%
of lung transplant recipients receiving the drug
at one and/or five years after transplantation®19,

Induction therapy tries to modulate the
response of T lymphocytes during antigen
presentation in order to improve the effective-
ness of immunosuppression. Its objective is to
reduce the incidence of acute rejection during
the first weeks after transplantation when the
risk for rejection is higher and hence possibly
to also reduce chronic rejection, without pro-
ducing an increase in infections or cancer.
Induction therapy also allows us to delay or
decrease the CNI dose with consequent bene-
fit for kidney function®®. The ISHLT Registry

shows significant differences in survival for
patients receiving induction treatment (Fig. 2).

According to the ISHLT registry report,
between 2000 and 2009 it was shown that the
use of any type of induction therapy increased
by approximately 10% between 2006 and
2007, but has leveled off at about 60% of
reported procedures in adult recipients during
the past three years (Fig. 3). There appears
to be no consensus regarding the use or
choice of induction therapy according to the
Registry data, despite an increase in the use
of interleukin-2 receptor (IL-2R) antagonists
and alemtuzumab during the past decade®.

Induction treatment is administered in the
perioperative period and during the immediate
posttransplant period. Induction drug infusion
begins before allograft reperfusion.
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Figure 2. Kaplan-Meier survival after adult lung transplantation for transplants performed from January 2000 through June 2009, stratified
by induction usage. Data presented are conditional on survival to 14 days. Source: ISHLT 2011 (adapted from Christie, et al.?).

There is little scientific evidence on in-
duction therapy in lung transplantation and,
moreover, results lack consistency. In gen-
eral, studies reported in the literature are from
single center experiences and compare ret-
rospective cohorts, not always treated with
the same immunosuppressant schemes. A
review of the most relevant studies comparing
the efficacy and safety of the different types
of agents used for induction therapy in lung
transplantation follows.

Initially, monoclonal anti-CD3 antibody
(OKT3) was employed, and after hands-on
experience with different induction agents, in
2001 a comparative study between OKTS3,
antithymocyte globulin (ATG) and daclizumab
was conducted. The results showed a greater
rate of bacterial infections in the OKT3 patients
compared to the other two induction regimens.
None of the induction agents delayed the de-
velopment of chronic rejection or favored pa-
tient survival®'. In contrast, a retrospective
comparison (157 patients) of induction with
basiliximab or ATG showed that induction with
ATG was followed by a lower number and se-
verity of acute rejection episodes. There was

no impact in BOS development or in infectious
complications®?. However, in the same year,
Borro, et al. showed that induction with basi-
liximab has a trend to reduce the rate of acute
and chronic rejection in lung transplant recipi-
ents, with no increased incidence of infections
or malignancies. Also the two-year survival for
patients treated with basiliximab was better than
the control group??. In the same way, short-term
beneficial effects with basiliximab had been com-
municated previously?*?®. When the use of basi-
liximab versus ATG was compared?®, survival
in the basiliximab group was higher (p = 0.03),
but with a trend to CMV infection reactivation.
Other studies comparing the efficacy of ATG
vs. daclizumab (not available anymore) showed
a wide range of results, from better results in
favor of ATG?, to lack of differences between
them?®, or worse results with ATG?*3'. None of
these studies showed superiority of one drug
over the other, either in chronic rejection rate
or in survival. In a randomized, double-blind,
placebo-controlled, multicenter study, 121 lung
transplant recipients received either placebo
or basiliximab; the results were not conclusive
regarding BOS and patient survival®?. Finally,
regarding alemtuzumab in lung transplantation,
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Figure 3. Use of induction immunosuppression by year of transplant in adult lung recipients. Analysis is limited to patients receiving prednisone
and who were alive at the time of discharge. ALG: antilymphocyte globulin; ATG: antithymocyte globulin; IL-2R: interleukin-2 receptor.

(adapted from Christie, et al.5).

McCurry, et al.®8 found less severe acute re-
jection episodes and decreased rates of CMV
infection compared with induction with thymo-
globulin. However, van Loenhout, et al.34 found
no difference in survival or acute rejection
among patients treated with alemtuzumab in-
duction and the no-induction control group.
Recently, a retrospective analysis has been
published® using prospectively collected data
from a single-site clinical database of 336 lung
recipients classified by induction type: alemtu-
zumab, thymoglobulin, daclizumab, and none.
Survival analyses examined patient and graft
survival, and freedom from acute cellular re-
jection, lymphocytic bronchiolitis, obliterative
bronchiolitis, BOS, and posttransplant lym-
phoproliferative disorder (PTLD). Alemtuzumab
recipients showed greater five-year freedom
from each outcome than the other groups and
the groups did not differ in PTLD rates.

In general, based on clinical experi-
ence and the scientific data available, we can
conclude the following.

Basiliximab, the most used induction
agent according to the ISHLT registry, has a
good safety profile and is well tolerated. When
used, the acute rejection rate is lower, but the
efficacy of basiliximab in preventing chronic
rejection has not yet been demonstrated. Its
use also allows reducing the CNI dose during
the perioperative period.

Polyclonal antibodies have a greater
immunosuppressive strength that leads to a
lower rate of acute rejection episodes, but
several publications suggest also an increased
rate of adverse events.

Alemtuzumab, a more recently devel-
oped induction agent with a more limited use
(single-center experience publications), seems
promising in acute rejection prophylaxis, but
not in the safety profile.

Nevertheless, one should be careful
when interpreting the studies comparing in-
duction agents as the great majority are
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retrospective, with a limited number of pa-
tients and short follow-up. In conclusion, at-
tempts to empirically establish the optimal
immunosuppression regimen to minimize mor-
bidity and maximize survival in lung transplan-
tation remain limited. Induction therapies with
reduced maintenance immunosuppression
may provide additional strategies to improve
patient care. Randomized controlled trials to
rigorously establish the benefits and long-
term safety profile of any induction agent are
warranted.

Recommendations

There are no current recommendations
regarding induction therapy for lung trans-
plantation and this remains a controversial
area of postoperative treatment.

Considering the literature review, the
experience in other solid organ transplanta-
tion, the results of the ISHLT Lung Transplant
Report, and the clinical experience from
some of the Spanish lung transplant teams, the
use of induction is recommended in at least
the following cases:

— CNI-sparing therapy in patients with or at
high risk of acute renal dysfunction in the
early posttransplant period;

— Patients with high immunological risk,
PRA > 25%;

— Presence of multi-resistant organisms, in
order to enable lower anti-calcineurin drug

levels;

— Chronic renal dysfunction (creatinine clear-
ance < 60 ml/min/1.73 m?);

— Age of recipients < 18 and > 60 years.

Our induction immunosuppressive regi-
men is described below.

Perioperative protocol initial
immunosuppression

1. Basiliximab (Simulect®): 20 mg within the
first six hours after transplantation and 20 mg
at day 4.

2. Start with cyclosporine 24-hour infusion at
1 mg/kg/day at 2-3 day in intensive care
unit and perform a CsA steady state level
at 12-24 hours.

— In patients with high immunological risk:
adjust upwards to 2 mg/kg/day, targeting
cyclosporine levels around 300 pg/l within
36 hours.

— For a CNlI-sparing therapy in patients
with or at high risk of renal dysfunction
or with multi-resistant organisms: adjust
downwards, targeting cyclosporine levels
< 300 pgl/l.

— Convert to oral dosing regimen as soon
as possible (nasogastric tube).

3. Or start with tacrolimus 24-hour infusion
commencing at 0.1 mg/kg/day at 2-3 day
in intensive care unit and measure tacroli-
mus steady state levels at 12-24 hours.

— In patients with high immunological risk:
adjust upwards to 0.15 mg/kg/day, tar-
geting steady state tacrolimus levels be-
tween 10 and 15 ng/ml within 36 hours.

— For a CNl-sparing therapy in patients
with or at high risk of renal dysfunction
or with multi-resistant organisms: adjust
downwards, targeting tacrolimus levels
< 10 ng/ml.

— Convert to oral dosing regimen as soon
as possible (nasogastric tube).

4. Mycophenolic acid/azathioprine: as per
center practice.

5. Corticosteroids: as per center practice.
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