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INTRODUCTION

Malgré les progres des dernieres années, la survie apres transplantation pulmonaire
reste limitée et n’atteint que 53% a 5 ans (1). Les 2 principales causes de mortalité apres
transplantation restent invariablement les infections, principalement respiratoires et la
dysfonction chronique du greffon ou CLAD (Chronic Lung Allograft Dysfunction).

Les infections respiratoires sont trés fréquentes apres transplantation d’organe
solide (2) et sont source d’une morbidité et d’une mortalité majeures. En transplantation
pulmonaire, les infections respiratoires sont encore plus fréquentes que pour les
transplantations d’autres organes et représentent la premiere cause de déces dans les 3
premiéres années de suivi (1). La susceptibilité accrue des transplantés pulmonaires aux
infections s’explique par [D’association de différents facteurs. Tout d’abord,
I’immunosuppression induite et maintenue apres transplantation pulmonaire est intense et
prolongée (1). Ensuite, le poumon transplanté est en contact direct avec le milieu extérieur
et donc avec les pathogenes potentiels. Enfin I’immunité locale est aussi compromise
puisque d’une part, la circulation lymphatique, impliquée dans I’immunité innée, n’est pas
rétablie aprés transplantation et d’autre part, la dénervation du greffon pulmonaire est
responsable d’une altération de la clairance bronchique et du réflexe de toux (3).

Le CLAD, affecte environ 50% des transplantés pulmonaires aprés 5 ans (1, 4) et
est responsable de plus de la moitié des déces aprés 3 ans de survie. Il se présente
principalement sous 2 entités cliniques irréversibles: le syndrome de bronchiolite
oblitérante ou BOS (bronchiolitis obliterans syndrome) et le syndrome restrictif
d’allogreffe ou RAS (restrictive allograft syndrome) (4). Le syndrome de bronchiolite
oblitérante, decrit dés les années 1980 (5), se caractérise par la survenue d’une bronchiolite
oblitérante responsable d’un trouble ventilatoire obstructif d’aggravation progressive. Cette

affection est associée a des facteurs allo-immuns comme le rejet aigu cellulaire, la



bronchiolite lymphocytaire (6), le rejet humoral (7), ou non allo-immuns comme le reflux
gastro-oesophagien (8), ou les infections respiratoires bactériennes, fongiques et les
pneumopathies a CMV (9). Le r6le des virus respiratoires communautaires dans la
survenue du syndrome de bronchiolite oblitérante est actuellement débattu (10). Le
syndrome restrictif d’allogreffe, moins fréquent mais plus sévére, est decrit depuis le debut
des années 2010, et se définit par un infiltrat pulmonaire interstitiel prédominant dans les
lobes supérieurs, associé a un syndrome restrictif (11). Actuellement, peu de facteurs de
risque de RAS ont déja été identifiés ; les infections et le rejet aigu cellulaire paraissent
toutefois étre a I’origine de certaines aggravations aigués des processus d’inflammation et
de fibrose liés au RAS (12). Il existe donc un lien entre infections et CLAD, les infections
respiratoires constituant un facteur de risque indépendant de CLAD.
L’hypogammaglobulinémie, définie par un taux d’immunoglobulines G (IgG)
inférieur a 7g/L, est une condition fréquente apres transplantation d’organe solide,
secondaire a I’immunosuppression multifactorielle et prolongée. La surveillance du taux
d’immunoglobulines G est recommandée dans le suivi des transplantés d’organe solide
(13, 14) car I’hypogammaglobulinémie constitue un important facteur de risque d’infection
et de mortalitt précoce (15). En transplantation pulmonaire, du fait de
I’immunosuppression marquée, 1’hypogammaglobulinémie est plus fréquente que pour les
autres organes, atteignant 63% des patients dans une méta-analyse récente (15), et 45%
pour les hypogammaglobulinémies profondes (IgG inférieures a 4g/L). En 2005, une étude
a déja démontré que I’hypogammaglobulinémie était associée a une mortalité accrue apres
greffe pulmonaire. Dans cette étude, la survie n’excédait pas 75% a 1 an et 50% a 2 ans
chez les transplantés hypogammaglobulinémiques, versus 100% et 91% de survie
respectivement pour les sujets normogammaglobulinémiques (16). Une étude plus récente

a également montré que I’hypogammaglobulinémie constituait un facteur de risque



indépendant d’infections et de syndrome de bronchiolite oblitérante (17). Ainsi, a
Grenoble, la surveillance du taux d’immunoglobulines G est organisée de maniére
systématique depuis 1998, ainsi que la substitution en immunoglobulines polyvalentes
(IglV) des transplantés pulmonaires hypogammaglobulinémiques méme modérés (pour un
taux d’Ig G inférieur a 6g/L).

Toutefois, D’efficacité de cette substitution est encore un sujet débattu. En
transplantation d’organe solide, une étude rétrospective de 2014 (18), n’ayant inclus qu’un
patient transplanté cardio-pulmonaire et aucun transplanté mono ou bi-pulmonaire, a
montré une survie identique chez les patients présentant une hypogammaglobulinémie
profonde, que celle-ci soit corrigée par substitution en IglV ou non. En transplantation
pulmonaire, le seul essai contrdlé randomisé mené sur le sujet n’a pas montré d’efficacité
de la substitution en IglV sur le risque d’infection bactérienne a court terme (19). Cet essai
n’a toutefois porté que sur un nombre restreint de patients (11 transplantés pulmonaires), et
le critére de jugement principal n’a évalué le risque infectieux qu’au cours de la premiére
année suivant la transplantation. Dans cette étude, I’effet des immunoglobulines sur la
survenue de CLAD n’a pas non plus été évalué. Sur la foi des études actuellement
publiées, il n’y a donc pas de preuve suffisante pour affirmer ou infirmer 1’intérét d’une
substitution en IglV chez les transplantés pulmonaires hypogammaglobulinémiques.

Notre étude a donc cherché a évaluer rétrospectivement sur la cohorte de
transplantés pulmonaires grenoblois depuis 1998, I’efficacité des IglV sur la mortalité

globale et sur la survie sans CLAD.
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ABSTRACT

BACKGROUND: After lung transplantation (LT), immunoglobulins G (IgG) plasma
concentrations less than 6 g/L are common and correlate with an increased risk of chronic
lung allograft dysfunction (CLAD) and a poorer survival.

METHODS: We conducted an open substitution intervention with nonspecific intravenous
Ig (IVIg), in all patients with 1gG plasma less than 6 g/L post LT in 54 of 84 consecutive
recipients since 1998 who survived more than 3 months. Pre-LT and post-LT events were
retrospectively analyzed.

RESULTS: Both substituted (S) and nonsubstituted (NS) groups had similar donor or
recipient characteristics and events over a median follow-up of 2.8 years [Q1-Q3: 1.4-5.7]
except for initial diagnosis with more COPD patients and less cases of pulmonary arterial
hypertension in NS group. Intravenous Ig substitution started 3.5 months (0.5-9.4) after
transplantation and lasted 4.5 months after (1.0-17.7), mean cumulative dose was
52.8+47.7g. In multivariate Cox regression model, hypogammaglobulinemic patients who
were substituted with IVIg had actually a 5-year survival, (hazard ratio: 0.63 95%
confidence interval: 0.26-1.49, p=0.29) and CLAD-free 5-year survival (HR: 0.51 95%
confidence interval: 0.15-1.67, p=0.27) really close to nonhypogammaglobulinemic and
nonsubstituted patients. Complementary analysis using propensity score and time-
dependent analysis showed that survival and CLAD-free survival were not different in both
groups.

CONCLUSIONS: Intravenous Ig post LT achieved similar survival and CLAD-free
survival in recipients with hypogammaglobulinemia as compared to those with normal 1gG
plasmatic rate. A randomized control trial is required to confirm benefic effects of 1VIg
and disentangle mechanisms including protection from infections, acute cellular and

humoral rejections in patients with hypogammaglobulinemia after LT.
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INTRODUCTION

The mean actuarial 5-year survival rate after lung transplantation (LT) is 50 to 70%
(20, 21). Lung transplant recipients are exposed to infections, acute cellular rejection
(ACR), humoral rejection that may result in chronic lung allograft dysfunction (CLAD)
and its main frequent subtype, Bronchiolitis Obliterans Syndrome (BOS) (11, 21). Chronic
lung allograft dysfunction remains the leading cause of morbidity and death after LT,
accounting for 30% of late mortality (11, 20, 21). Bacterial infection and colonization have
been identified as risk factors for CLAD (21, 22).

Mild hypoimmunoglobulinemia, defined as 1gG less than 7g/L, is a frequent
condition post-LT, found in 60 to 70% while severe hypogammaglobulinemia less than
4g/L occurs in 14 to 37% (16, 23). In solid organ transplantation, hypogammaglobulinemia
confers an increased risk of opportunistic infections (24): bacterial infections (16, 23, 24),
invasive-tissue CMV and fungal infections (16, 23, 24). In LT, this could increase risks of
acute rejection episodes (16, 23) and appears to be a potential risk factor for BOS (17). 1gG
less than 6g/L has been shown to be associated with an impaired survival (23, 25), and
substitution is currently suggested for I1gG below 6g/L (13, 26). Intra-venous
immunoglobulins (IV1g) have also an increasing place in the treatment of acute humoral
rejection (13, 27) . In renal retransplantation, a study with IVIg at substitutive doses
showed a significantly improved 5-year survival (28). IVIg are also used in highly
sensitized patients for their immunomodulatory properties (29). Evaluation of their benefit
on survival and CLAD onset has not been conducted yet after LT.

We performed a retrospective analysis to determine if 1\VVIg substitution has any
positive effects, in these high risk patients with hypogammaglobulinemia after LT, on
survival and CLAD-free survival as compared to patients  without

hypogammaglobulinemia.
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RESULTS

Patient characteristics

Of the 84 transplanted patients surviving more than 3 months in Grenoble
transplantation center between 1998 and 2010, 54 received 1VIg. The median follow-up
from LT was 2.8 years [Q1-Q3: 1.4-5.7 years]. Intravenous Ig substitution, for those
treated, started 3.5 months after transplantation (median, [0.5-9.4]) and lasted 4.5 months
(median, [1.0-17.7]). Mean cumulative dose was 52.8+47.79. Both substituted (S) and
nonsubstituted (NS) group demonstrated similar donor and recipient characteristics as
shown in Table 1| except for initial diagnosis (p=0.04): COPD patients were
underrepresented and patients with pulmonary arterial hypertension were overrepresented
in NS group. Both groups demonstrated similar events during the postoperative period in
the use of cardiopulmonary bypass, length of stay in intensive care unit (ICU) and

hospitalization after transplantation (Table 1).

Infections
There was no significant difference in treated infection rates between S and NS

groups (Table 1). The mean of treated infections was 2.8 per year in the whole population.

Acute cellular rejection (ACR)

The annual incidence of ACR was not significantly different between both groups
(p=0.87). The ratio of ACR, reported to the number of trans-bronchial biopsies (TBB), was
not statistically different between the two groups with a mean of 0.11 (standard deviation

[SD] =0.18) ACR/TBB performed in both group (p=0.88).
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Anti-HLA antibodies and donor-specific human leukocyte antigen antibody

Among 54 substituted recipients, anti-human leukocyte antigen (HLA) antibodies
were measured in 45 cases and were positive for three patients (one measured before
supplementation and two measured after) with one case of donor-specific human leukocyte
antigen antibody (DSA) whereas in control group, anti-HLA were measured in 19 cases

among 30, without any positive serums.

Survival analysis and CLAD-free survival analysis
Survival

Median survival was 2.78 years [Q1-Q3:1.36-5.65] in all lung transplant recipients:
2.93 years [1.52-5.67] in S group and 2.69 years [0.93-5.63] in NS group. In univariate
Cox model, hypogammaglobulinemia did not seem to be a risk factor of mortality after
IVIg substitution as hazard ratio (HR) was 0.55 (95% confidence interval [CI]: 0.15-2.06,
p=0.37). In multivariate Cox model adjusted for graft preservation solution, and ICU
length of stay HR was 0.63 (95%CI, 0.26-1.49, p=0.29). Using the Kaplan-Meier estimated
survival, the 5-year survival risk of recipients who received IVIg supplementation was
65%, close to survival risk of NS group (55%), log rank: p=0.31 (Fig. 1a). We used a
propensity score as a continuous variable to examine the potential bias to 1VIg prescription
because of patient characteristics: 5-year survival risk was not different in both groups
using Cox analysis (HR=0.71, 95%CI 0.29-1.74, p=0.46).

In a time-dependent IVIg exposition, we considered a subject as unexposed to
treatment before receiving 1VIg and exposed thereafter. The S group included the 54
substituted patients between first IVIg prescription and end of follow-up (death or
censure), whereas the NS included 84 patients, the 30 NS patients from transplantation

until end of follow-up, and the 54 S patients from transplantation until first 1VIg
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prescription. Cox proportional hazards model showed no difference between S versus NS
patients using a propensity score as a continuous variable (HR=1.90, 95%CI10.65-5.57,
p=0.24). Using the Kaplan-Meier estimation, IV1g substitution showed an improved global
survival in patients with hypogammaglobulinemia, reaching that of patients without

hypogammaglobulinemia (log rank: p=0.72) (Fig. 1b).

CLAD-free survival

Median CLAD-free survival was 2.24 years [0.94-4.93] for all lung transplant
recipients: 2.42 years (1.2-4.71) for S group and 1.53 years (0.65-5.6) for NS group.
Univariate Cox model did not show any significant difference between groups (HR: 0.29,
95%CI0.66-1.26, p=0.1). In multivariate Cox model adjusted for recipient age and length
of stay in ICU, we observed that I\VIg substitution conferred an identical CLAD-free
estimated survival in both groups (HR=0.51, 95%CI 0.15-1.67, p=0.27). The use of
propensity score in the Cox model showed the same results (HR=0.53, 95%CI 0.20-1.43,
p=0.21). Using the Kaplan-Meier estimator, 5-year survival without CLAD was also
comparable in S and NS groups, logrank: p=0.09 (Fig. 2a).

In time-dependent 1VIg exposition, multivariate Cox analysis confirmed that, when
corrected by IVIg substitution, hypogammaglobulinemia did not seem to be a risk factor
for CLAD onset, using the propensity score as a continuous variable (HR=0.95, 95%ClI
0.31-2.90, p=0.93). Using the Kaplan-Meier estimator, IVIg conferred a comparable

survival with non-substituted patients (logrank: p=0.68) (Fig. 2b).

DISCUSSION

In this observational study, 1\V1g administration at substitutive doses after LT showed

protective effects in survival and CLAD onset in high-risk patients with
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hypogammaglobulinemia because they exhibited the same 5 year-survival and 5-year-
CLAD-free survival as compared to patients without hypogammaglobulinemia. Indeed,
hypogammaglobulinemia is known to be associated with a higher morbimortality after
solid organ transplantation (13, 24, 25) and especially after LT (16, 23). A 2013 study
showed a negative association between low IgG and prevalence and incidence of BOS
(17); hypogammaglobulinemia seems to be a strong independent factor for BOS onset and
shorter BOS-free survival. Our results let us think that IV1g substitution could correct the
higher risk of CLAD presented by the group with hypogammaglobulinemia. We could not
compare substituted patients with hypogammaglobulinemic nonsubstituted patients
because the over-risk of infection is well known, and substitution is strongly advised in
solid organ transplantation for those patients (13, 26). Thus, in our center, IV1g substitution
was early introduced in management of lung transplant recipients. Even if it presents some
inherent bias, this report merits discussion about methodological issues in observational
studies in the field of LT and suspected protective mechanisms linked to IVIg use in LT
recipients in the case of hypogammaglobulinemia and more broadly after LT (13, 30).

Our study could be viewed as a use-case of how to control biases in cohort studies by
using propensity score and time-dependent analysis in the field of LT to avoid any
unjustified hopes after open and uncontrolled interventions. As with any retrospective
study design, there are serious limitations that may have introduced bias. The study period
covered 13 years and many improvements occurred in LT since 1998 in our center (31),
including rehabilitation before LT, better intensive care in post-LT, better monitoring and
follow-up of lung transplant recipients; management of CLAD has also undergone many
changes with the preventive introduction of statins (32) or the therapeutic use of
azithromycin in CLAD (33). Because 1gG level could be strongly influenced by all these

parameters, the propensity score included the period of LT to limit the era effect. We also
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attached to limit time-dependent bias with a statistical analysis which takes into account
immortal time. This bias occurs in retrospective observational studies when there is a
period between the beginning of the study (here: transplantation day) and the exposure to
the treatment (here : IVIg supplementation) when the patient in the "treatment” group
cannot die as he is not yet treated and hence affected to this group (“immortal time”). Most
observational old studies did not consider this bias and presented artificially improved
results, by increasing event outcome (here: death or CLAD outcome) in control groups.
This bias has already been well described in COPD for inhaled corticosteroids (34) and in
many observational studies of medication effects with a variety of cohort designs (32, 34-
36).

In our case, IVIg seemed to be useful to normalize survival and CLAD over-risk in
patients with hypogammaglobulinemia. Regarding mechanisms explaining protective
effects of IVIg post-LT, two warrant further discussion: protection from infections, and
immunomodulation and clearance from allo-antibodies as anti-HLA antibodies. We have
shown a similar rate of bacterial, fungal and CMV treated infection in S as compared to NS
which were in line with what we could expect (13, 29, 37, 38) and could explain part of the
protective effects of IVIg post-LT in recipients with hypogammaglobulinemia. In addition
to substitution, 1VIg administration could also act as an immunomodulatory agent against
antibody-mediated rejection and could protect from CLAD, a partly humoral rejection-
driven complication (21, 39, 40). First, the beneficial effects of IVIg have been attributed
to the neutralizing effects of anti-idiotypic antibodies on circulating anti-HLA antibodies
(41); second, 1VIg downregulates B-cell activation, causing B-cell anergy and apoptosis,
through B-cell receptor fixation (41-43) and third, IVIg accelerates clearance of
alloimmune antibodies. In LT, the peritransplantation use of IVIg at 2g/kg first dose and

0.5g/kg for further doses plus extracorporeal immunoadsorption at transplantation and over

16



1 to 24 weeks for presensitized patients has led to a decrease in acute rejection episodes,
and greater freedom from CLAD when compared to presensitized patients who did not get
desensitization therapy (44) . It was shown that preemptive antibody-directed treatment,
using monthly IVIg at 0.5/kg plus rituximab single dose in recipients with low risk of
infections may reduce the risk of humoral rejection (30). Moreover, after preemptive
antibody-directed treatment, patients with successful alloantibody clearance showed
improved freedom from CLAD and better survival than those who had persistent
detectable alloantibody. Unfortunately, in this study, because of the recent availability of
sensitive methods as Luminex technique to monitor DSA, a complete monitoring of such
antibodies was lacking and particularly before any substitution. Anti-HLA antibody
frequency was higher in substituted group. Moreover, taking in account low 1VIg doses
used, we could not explain any protective effects from substitution to be related to
clearance of such antibodies.

In conclusion, we showed that IVIg supplementation at doses of 0.4 g/kg/month
seems to achieve similar survival and CLAD-free survival after LT in patients with 19G
level less than 6 g/L as compared to patients without hypogammaglobulinemia, in part by
reducing the risk of opportunistic infections. This is a safe treatment (45) with mild and
transient side effects, anaphylactic reactions being infrequent. Nevertheless, it remains a
costly therapy, costing around € 41.5 ($ 54) per gram and further cost-effective analysis
has to be carried out in this regard (13, 29). Mechanisms of IVIg action remain also
incompletely understood and RCTs are required to confirm the IVIg role in CLAD

prevention.
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METHODS

Study design

We performed a single centre, open and retrospective analysis in 84 consecutive
patients who benefited from a single, a double LT, or a heart-lung transplantation between
1998 and 2010 in Grenoble and who survived more than three months after LT. Fifty-four
patients receiving monthly IVlg were compared to 30 patients who did not. IVIg were
prescribed to LT recipients during this period for treatment of hypoimmunoglobulinemia G
less than 6g/L.

Patients were informed that IVIg, a registered treatment, was delivered for
preemption of a potential risk of infections before starting substitution. Participation in the
database was a part of the agreement signed when patients are listed for LT as a national
policy of quality control and clinical research conducted by the Agence de la BioMédecine,

St Denis, France.

Clinical care post LT

Surveillance of LT recipients

Surveillance of LT recipients is performed at 1-month intervals during the first year post-
LT, every 2 to 6 months thereafter and as needed for diagnosis purpose. Bronchoalveolar
lavages (BAL) and TBB were performed at least at month 1, 3, 6 and 12 after
transplantation. Data used for these analyses were extracted from the Grenoble University

Hospital database recorded for surveillance of LT recipients.

IglV management
Since 1998, 1gG dosage was performed at least at month 1, 3, 6, 9 and 12 during the

first year and every 3 months thereafter. Immunoglobulin G substitution was administrated
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to lung transplant recipients since 1998 if 1gG level was inferior to 6g/L at substitutive
doses of 0.4g/kg per month. During substitution, residual IgG rates were monitored
monthly before each perfusion. Substitution was pursued until 2 consecutive dosages
superior to 7g/L. Intravenous Ig product used was Tegeline before 2009 or Clairyg since
2009 from LFB, Les Ulis, France, prepared from donor pool, containing more than 97% of

IgG (half-life: 28.1+9.3 days).

Definitions

Acute cellular rejection was confirmed by TBB according to the International
Society of Heart and Lung Transplantation criteria (42). Only rejection episodes that
needed pulsed doses of corticosteroids were recorded (mild, moderate or severe ACR
[grade A2 and more] or episodes of persistent minimal ACR [grade Al on two consecutive
TBB]). Chronic lung allograft dysfunction was defined as an irreversible decline in forced
expiratory volume in one second (FEV1) to less than 80% of baseline (4) whether it was
associated with an obstructive ventilatory defect, BOS (46) or restrictive allograft
syndrome (RAS), defined as a restrictive ventilatory pattern with total lung capacity less
than 90% of baseline in double LT and heart-lung transplantations (11). Because total lung
capacity was not always available and single LT were included in the analysis, results were
not presented according to BOS and RAS sub-phenotypes of CLAD (11).

Bacterial infections were defined as each clinical situation in which antibiotics were
administrated. Fungal infection was established on BAL, bronchial washings or blood
sample results and recorded if antifungal therapies were administered. Cytomegalovirus
infection episodes were established from quantitative polymerase chain reaction of
cytomegalovirus in blood or BAL results plus symptoms and associated with any CMV

antiviral treatment.
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Immunosuppressive regimen

After induction with rabbit anti-thymocyte globulin (Thymoglobulines®, Genzyme
Europe B.V., NL), a standardized immunosuppressant regimen was prescribed throughout
the study period, including a calcineurin inhibitor, a cell cycle inhibitor and corticosteroids.
The standard maintenance immunosuppressive regimen included tacrolimus,

mycophenolate mofetyl and corticosteroids.

Infection prophylaxis

Oral ganciclovir was prophylactically given during 100 days post-LT to prevent
CMV reactivation in CMV+ recipients and at least 180 days in case of mismatch
CMV+donor/CMV-recipient. In case of CMV-donor/CMV-recipient, herpes prophylaxis
was given, using Valacyclovir during 3 months. Posaconazole was used daily during at
least 100 days post-LT for Aspergillosis prophylaxis and Pyrimethamine-Sulfadoxine once
per week for Pneumocystis jiroveci and Toxoplasma gondii prophylaxis were prescribed 1

year after LT.

Anti-HLA antibodies monitoring

Anti-HLA antibodies dosage was performed when clinically indicated, in front of
unexplained FEV; decrease and in the hypothesis of humoral rejection. Since 2004 and the
recent availability of Luminex technic, we performed this analysis during the first year
post-LT. Due to the long period of interest, we were able to have data in 19 patients in NS

group and in 45 patients in S group.
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Statistical analysis

Quantitative data were expressed as mean + SD or median and 1% and 3" quartiles
[Q1 - Q3]. Comparison of baseline data was performed by unpaired Student t-test. Data
exhibiting non-normal distribution were analysed by non-parametric unpaired statistical
tests (Mann & Whitney Utest). Categorical variables were expressed as percentages and
were compared with the Chi-square test or the Fisher exact test when appropriate. A P
value less than 0.05 was considered to be statistically significant (Stata 12 software,

Statacorp, College Station, TX).

Survival and CLAD-free survival analysis

Survivals were estimated by Kaplan—Meier curves and compared using the log-rank
test. We used Cox proportional hazard regression model analysis with 1VVIg administration
as the predictor variable of interest and we tested different covariables: demographic
parameters of recipients and donors, underlying diagnosis, graft conditioning, epochs
before/after 2001, postoperative parameters including ICU length of stay and first

hospitalization duration.

Propensity score

Substituted patients could possibly differ from other lung recipients in relation to
characteristics that might also affect the outcomes. To make an appropriate survival
comparison because patients were not randomized to 1VIg supplementation, we used a
propensity score. To build the propensity score, we used variables with values anterior to
the prescription of immunoglobulins such as donor age and sex, recipient age and sex,
recipient body mass index (BMI), use of noninvasive ventilation before transplantation,

HLA compatibility, preservation graft solution, total ischemia time, use of
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cardiopulmonary bypass, HLA compatibility, underlying diagnosis R-D CMV status and
type of transplantation (single versus double lung transplantation), need of surgical
reintervention, and year of transplantation. These variables were examined in a logistic
regression model where the dependent variable was the prescription or not of IVIg. This

score was then included in a second Cox model with the other covariables.

Time-dependent analysis

To limit immortal time bias, we built a third Cox model in which we considered a
subject as unexposed to treatment before receiving I1VIg substitution and exposed
thereafter. In observational studies, patients are classified in the "treatment” group from the
time that they received the treatment. In our case, because there was a time between
inclusion (transplantation day) and treatment (IVIg substitution), patients who died early,
before treatment, are all in the "NS" group and patients in the "S" group are immortal until
the day of treatment which induces a bias called "immortal time" bias (47). That is why, in
the time-dependent analysis, person-time before the first IVIg prescription date was
classified in the NS group and in S group thereafter (47, 48). Survival and CLAD-free
survival were analyzed with Kaplan—Meier curves, compared with the log-rank test, and

Cox proportional hazards model.
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TABLES AND FIGURES

Table 1. Characteristics of LT recipients in the substituted and non-substituted

group

NS group S group P
n=60 n=59

Donor characteristics

Age, y (SD)* 37.8 (16.4) 39.8 (15.4) 0.57

Sex ratio M/F 2.75 1.45 0.24

Ventilation in donor, h 36 [24:48] 52.2 [24:48] 0.06

Recipient characteristics pre-LT

Age, years 39.6 (15.1) 44.7 (15.7) 0.15

Sex ratio 2.0 1.45 0.64

BMI, kg/m? 20.7 (5.5) 20.5 (4.3) 0.84

Diagnosis, n [%] 0.04

COPD 6 [20] 22 [41]

Cystic fibrosis 13 [43] 20 [36.5]

Idiopathic pulmonary fibrosis 5[17] 10 [19]

Pulmonary hypertension 6 [20] 2 [3.5]

FEV1, % pred. 31.4 (20.8) 25.8 (12.7) 0.13

Non invasive ventilation, n [%] 18 [60] 30 [55.6] 0.82

Procedures

Type of surgery, n [%] 0.72

Single lung transplantation 5[17] 13 [24]

Double lung transplantation 24 [80] 39 [72]

Heart-lung transplantation 11[3] 2 [4]

Epoch, before 2001, n [%] 5[17] 8 [15] 1.00

Ventilation, h' 24 [10:85] 24 [7.5:48] 0.35

Extracorporeal circulation, n [%] 18 [60] 21 [39] 0.07

Hospitalization in ICU, d 14 [9-20] 11 [8-17] 0.15

Hospitalization after surgery, d' 33 [25:44] 28 [23:35] 0.11

Post-transplantation events during a 3.2 years

median follow-up

Infections 3 [2-6] 5[2-9] 0.57

Bacterial infectionst 2 [1-4] 4 [1-7] 0.11

Fungal infectionst 0[0-1] 1[0-2] 0.17

CMV infectionst 0[0-1] 0[0-1] 0.97

Total infections/year 2.2 (2.3) 2.8 (3.2) 0.74

Acute cellular rejectiont 1[0-1] 0 [0-1] 0.88

ACR/year 0.35 (0.84) 0.27 (0.40) 0.87

ACR/TBB performed 0.11 (1.16) 0.11 (0.19) 0.88

Best FEV;, % pred 82 (22) 88 (21) 0.25

*Results are expressed as mean (SD) and compared with Student's t test, except where

indicated otherwise
tMedian [Q1-Q3], Mann-Whitney test
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Figure 1. Overall Survival
1a) Kaplan-Meier estimates of survival between substituted group and control group.
1b) Kaplan-Meier estimates of survival between substituted group and control group in

time-dependent analysis.
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Figure 2. CLAD-free survival

2a) Kaplan-Meier estimates of CLAD-free survival between substituted group and control
group

2b) Kaplan-Meier estimates of CLAD-free survival between substituted group and control

group in time-dependent analysis

26



REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

Christie JD, Edwards LB, Kucheryavaya AY, et al. The Registry of the International Society for
Heart and Lung Transplantation: 29th adult lung and heart-lung transplant report-2012. J Heart
Lung Transplant 2012; 31 (10): 1073.

Duncan MD, Wilkes DS. Transplant-related immunosuppression: a review of immunosuppression
and pulmonary infections. Proc Am Thorac Soc 2005; 2 (5): 449.

Remund KF, Best M, Egan JJ. Infections relevant to lung transplantation. Proc Am Thorac Soc
2009; 6 (1): 94.

Verleden GM, Raghu G, Meyer KC, Glanville AR, Corris P. A new classification system for
chronic lung allograft dysfunction. J Heart Lung Transplant 2014; 33 (2): 127.

Burke CM, Theodore J, Dawkins KD, et al. Post-transplant obliterative bronchiolitis and other late
lung sequelae in human heart-lung transplantation. Chest 1984; 86 (6): 824.

Sharples LD, McNeil K, Stewart S, Wallwork J. Risk factors for bronchiolitis obliterans: a
systematic review of recent publications. J Heart Lung Transplant 2002; 21 (2): 271.

Hachem R. Antibody-Mediated Lung Transplant Rejection. Curr Respir Care Rep 2012; 1 (3): 157.
Blondeau K, Mertens V, Vanaudenaerde BA, et al. Gastro-oesophageal reflux and gastric aspiration
in lung transplant patients with or without chronic rejection. Eur Respir J 2008; 31 (4): 707.
Valentine VG, Gupta MR, Walker JE, Jr., et al. Effect of etiology and timing of respiratory tract
infections on development of bronchiolitis obliterans syndrome. J Heart Lung Transplant 2009; 28
(2): 163.

Vu DL, Bridevaux PO, Aubert JD, Soccal PM, Kaiser L. Respiratory viruses in lung transplant
recipients: a critical review and pooled analysis of clinical studies. Am J Transplant 2011; 11 (5):
1071.

Sato M, Waddell TK, Wagnetz U, et al. Restrictive allograft syndrome (RAS): a novel form of
chronic lung allograft dysfunction. J Heart Lung Transplant 2011; 30 (7): 735.

Sato M, Hwang DM, Waddell TK, Singer LG, Keshavjee S. Progression pattern of restrictive
allograft syndrome after lung transplantation. J Heart Lung Transplant 2013; 32 (1): 23.

Jordan SC, Toyoda M, Kahwaji J, Vo AA. Clinical aspects of intravenous immunoglobulin use in
solid organ transplant recipients. Am J Transplant 2011; 11 (2): 196.

Fernandez-Ruiz M, Lopez-Medrano F, Varela-Pena P, et al. Monitoring of immunoglobulin levels
identifies kidney transplant recipients at high risk of infection. Am J Transplant 2012; 12 (10): 2763.
Florescu DF, Kalil AC, Qiu F, Schmidt CM, Sandkovsky U. What is the impact of
hypogammaglobulinemia on the rate of infections and survival in solid organ transplantation? A
meta-analysis. Am J Transplant 2013; 13 (10): 2601.

Kawut SM, Shah L, Wilt JS, et al. Risk factors and outcomes of hypogammaglobulinemia after lung
transplantation. Transplantation 2005; 79 (12): 1723.

Chambers DC, Davies B, Mathews A, Yerkovich ST, Hopkins PM. Bronchiolitis obliterans
syndrome, hypogammaglobulinemia, and infectious complications of lung transplantation. J Heart
Lung Transplant 2013; 32 (1): 36.

Florescu DF, Kalil AC, Qiu F, et al. Does increasing immunoglobulin levels impact survival in solid
organ transplant recipients with hypogammaglobulinemia? Clin Transplant 2014; 28 (11): 1249.
Lederer DJ, Philip N, Rybak D, Arcasoy SM, Kawut SM. Intravenous immunoglobulin for
hypogammaglobulinemia after lung transplantation: a randomized crossover trial. PLoS One 2014; 9
(8): €103908.

Christie JD, Edwards LB, Kucheryavaya AY, et al. The Registry of the International Society for
Heart and Lung Transplantation: Twenty-eighth Adult Lung and Heart-Lung Transplant Report--
2011. J Heart Lung Transplant 2011; 30 (10): 1104.

Belperio JA, Weigt SS, Fishbein MC, Lynch JP, 3rd. Chronic lung allograft rejection: mechanisms
and therapy. Proc Am Thorac Soc 2009; 6 (1): 108.

Vos R, Vanaudenaerde BM, Geudens N, Dupont LJ, Van Raemdonck DE, Verleden GM.
Pseudomonal airway colonisation: risk factor for bronchiolitis obliterans syndrome after lung
transplantation? Eur Respir J 2008; 31 (5): 1037.

Goldfarb NS, Avery RK, Goormastic M, et al. Hypogammaglobulinemia in lung transplant
recipients. Transplantation 2001; 71 (2): 242.

Yamani MH, Avery RK, Mawhorter SD, et al. Hypogammaglobulinemia following cardiac
transplantation: a link between rejection and infection. J Heart Lung Transplant 2001; 20 (4): 425.
Doron S, Ruthazer R, Werner BG, Rabson A, Snydman DR. Hypogammaglobulinemia in liver
transplant recipients: incidence, timing, risk factors, and outcomes. Transplantation 2006; 81 (5):
697.

27



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Nahirniak S, Hume HA. Guidelines for the use of immunoglobulin therapy for primary immune
deficiency and solid organ transplantation. Transfus Med Rev 2010; 24 Suppl 1: S1.

Shehata N, Palda VA, Meyer RM, et al. The use of immunoglobulin therapy for patients undergoing
solid organ transplantation: an evidence-based practice guideline. Transfus Med Rev 2010; 24 Suppl
1: S7.

Peraldi MN, Akposso K, Haymann JP, et al. Long-term benefit of intravenous immunoglobulins in
cadaveric kidney retransplantation. Transplantation 1996; 62 (11): 1670.

Jordan S, Cunningham-Rundles C, McEwan R. Utility of intravenous immune globulin in kidney
transplantation: efficacy, safety, and cost implications. Am J Transplant 2003; 3 (6): 653.

Hachem RR, Yusen RD, Meyers BF, et al. Anti-human leukocyte antigen antibodies and preemptive
antibody-directed therapy after lung transplantation. J Heart Lung Transplant 2010; 29 (9): 973.
Costache V, Chavanon O, St Raymond C, et al. Dramatic improvement in survival after lung
transplantation over time: a single center experience. Transplant Proc 2009; 41 (2): 687.

Li Y, Gottlieb J, Ma D, et al. Graft-protective effects of the HMG-CoA reductase inhibitor
pravastatin after lung transplantation. A propensity score analysis with 23 years of follow-up.
Transplantation 2011; 92 (4): 486.

Jain R, Hachem RR, Morrell MR, et al. Azithromycin is associated with increased survival in lung
transplant recipients with bronchiolitis obliterans syndrome. J Heart Lung Transplant 2010; 29 (5):
531.

Suissa S. Effectiveness of inhaled corticosteroids in chronic obstructive pulmonary disease:
immortal time bias in observational studies. Am J Respir Crit Care Med 2003; 168 (1): 49.

Suissa S. Immortal time bias in pharmaco-epidemiology. Am J Epidemiol 2008; 167 (4): 492.

van Walraven C, Davis D, Forster AJ, Wells GA. Time-dependent bias was common in survival
analyses published in leading clinical journals. J Clin Epidemiol 2004; 57 (7): 672.

Yamani MH, Avery R, Mawhorter S, et al. Hypogammaglobulinemia after heart transplantation:
impact of pre-emptive use of immunoglobulin replacement (CytoGam) on infection and rejection
outcomes. Transpl Infect Dis 2001; 3 Suppl 2: 40.

Yamani MH, Avery R, Mawhorter SD, et al. The impact of CytoGam on cardiac transplant
recipients with moderate hypogammaglobulinemia: a randomized single-center study. J Heart Lung
Transplant 2005; 24 (11): 1766.

Girnita AL, Duquesnoy R, Yousem SA, et al. HLA-specific antibodies are risk factors for
lymphocytic bronchiolitis and chronic lung allograft dysfunction. Am J Transplant 2005; 5 (1): 131.
Saini D, Weber J, Ramachandran S, et al. Alloimmunity-induced autoimmunity as a potential
mechanism in the pathogenesis of chronic rejection of human lung allografts. J Heart Lung
Transplant 2011; 30 (6): 624.

Jordan SC, Vo AA, Toyoda M, Tyan D, Nast CC. Post-transplant therapy with high-dose
intravenous gammaglobulin: Applications to treatment of antibody-mediated rejection. Pediatr
Transplant 2005; 9 (2): 155.

Martinu T, Chen DF, Palmer SM. Acute rejection and humoral sensitization in lung transplant
recipients. Proc Am Thorac Soc 2009; 6 (1): 54.

Jordan SC, Toyoda M, Vo AA. Intravenous immunoglobulin a natural regulator of immunity and
inflammation. Transplantation 2009; 88 (1): 1.

Appel JZ, 3rd, Hartwig MG, Davis RD, Reinsmoen NL. Utility of peritransplant and rescue
intravenous immunoglobulin and extracorporeal immunoadsorption in lung transplant recipients
sensitized to HLA antigens. Hum Immunol 2005; 66 (4): 378.

Katz U, Achiron A, Sherer Y, Shoenfeld Y. Safety of intravenous immunoglobulin (IVIG) therapy.
Autoimmun Rev 2007; 6 (4): 257.

Estenne M, Maurer JR, Boehler A, et al. Bronchiolitis obliterans syndrome 2001: an update of the
diagnostic criteria. J Heart Lung Transplant 2002; 21 (3): 297.

Liu J, Weinhandl ED, Gilbertson DT, Collins AJ, St Peter WL. Issues regarding 'immortal time' in
the analysis of the treatment effects in observational studies. Kidney Int 2012; 81 (4): 341.

Gail MH. Does cardiac transplantation prolong life? A reassessment. Ann Intern Med 1972; 76 (5):
815.

28



Thése soutenue par Madame Johanna CLAUSTRE

Substitution en immunoglobulines polyvalentes des transplantés pulmonaires
hypogammaglobulinémiques : étude de cohorte tenant compte du score de
propension et du biais d’immortalité

CONCLUSION

Sur le plan méthodologique, 1'usage d’un score de propension et la réalisation
d’une analyse temps-dépendante au cours de cette étude observationnelle, a permis de
limiter les biais de classification et de temps immortel. Ces biais sont trés fréquents
dans les travaux non randomiseés et font conclure a tort sur I'efficacité d’un traitement
ou d’une intervention. Cette approche statistique a permis de ne pas surestimer 1'effet
des immunoglobulines polyvalentes sur la mortalité et la survenue de la dysfonction
chronique du greffon ou CLAD, Chronic Lung Allograft Dysfonction.

Dans cette étude de cohorte monocentrique, la substitution en immunoglobulines
polyvalentes a la dose de 0,4g/kg/mois pour les patients transplantés pulmonaires hypo-
gammaglobulinémiques,avec un taux d’immunoglobulines G inférieur a 6g/L, permet
de corriger le sur-risque de déces, de rétablir une survie globale et une survie sans
CLAD  comparables aux patients transplantés pulmonaires non  hypo-
gammaglobulinémiques. Cette amélioration de la survie est probablement liée a la
réduction du sur-risque infectieux chez les transplantés hypo-gammaglobulinémiques,
puisque, une fois substitués, ces patients présentent le méme taux annuel d’infection
que les patients non hypo-gammaglobulinémiques. En revanche, il n’a pas été possible
dans cette étude de conclure sur un effet immunomodulateur potentiel des
immunoglobulines polyvalentes, surtout a doses substitutives, et ce sujet pourra faire
I"objet d’'une étude complémentaire.

La substitution par immunoglobulines polyvalentes est une thérapeutique bien
tolérée, occasionnant des effets secondaires modérés et transitoires, les réactions
anaphylactiques graves restant rares. Néanmoins, ce traitement reste colteux. Des
¢études cliniques de plus grande envergure et notamment des essais controlés randomisés
doivent étre menés en transplantation d’organe solide et plus particulierement en
transplantation pulmonaire afin de mieux établir son efficacité chez les receveurs
hypogammaglobulinémiques et comprendre les mécanismes d'action des
immunoglobulines polyvalentes.

VU ET PERMIS D'IMPRIMER
Grenoble, le O’\_.'/(,?—’{ ‘m S

LE DOYEN LE PRESIDENT DE LA THESE

J.P. ROMANET




SERMENT D’HIPPOCRATE

En présence des Maitres de cette Faculté, de mes chers condisciples et devant
I’effigie ’HIPPOCRATE,

Je promets et je jure d’étre fidele aux lois de 1I’honneur et de la probité¢ dans
I’exercice de la Médecine.

Je donnerai mes soins gratuitement a 1’indigent et n’exigerai jamais un salaire au-
dessus de mon travail. Je ne participerai a aucun partage clandestin d’honoraires.

Admis dans I’intimité des maisons, mes yeux n’y verront pas ce qui s’y passe ; ma
langue taira les secrets qui me seront confiés et mon état ne servira pas a corrompre les
meeurs, ni a favoriser le crime.

Je ne permettrai pas que des considérations de religion, de nation, de race, de parti
ou de classe sociale viennent s’interposer entre mon devoir et mon patient.

Je garderai le respect absolu de la vie humaine.

Méme sous la menace, je n’admettrai pas de faire usage de mes connaissances
médicales contre les lois de I’humanité.

Respectueux et reconnaissant envers mes Maitres, je rendrai a leurs enfants
I’instruction que j’ai regue de leurs péres.

Que les hommes m’accordent leur estime si je suis fidéle a mes promesses.

Que je sois couvert d’opprobre et méprisé de mes confréres si j’y manque.
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N° poste N? poste . P . :

PEGE ministare Occupation Actuelle Discipline universitaire
21304 0100 ALBALADEJQ Pierre Anesthésioloqi Samimati
230 0100 Depuis 01/09/2008 esthésioclogie réanimation

APTEL Florent .
2321 005
232t 4 depuis le 01/09/2014 ophtalmelogie
2315 0174 ARVIEUX-BARTHELEMY Catherine chirurgie uénérale
R o= Depuis de 01/09/2007 gie o

BALOSSO Jacques : = N
2431 oo
2431 0024 Depuis 0170972003 Radiothérapie

BARRET Luec = . = - =

2301 0919

3 Depuis 01/10/1992 Médecine légale et droit de la santé
5230 0003 BENHAMOU Pierre Yves Endeocrinologie, diabéte et maladies
e - Depuis 01/09/2003 métaboliques

BERGER Frangois . . :
2495 0031
4 003 Depuis 01/08/2001 Biologie cellulaire

BETTEGA Georges . . . . .
23 00 - .

324 42 Depuis le 01/09/2013 Chirurgie maxillo-faciale, stomatologie
2456 0039 BONAZ Brunoc Gastro-entérologie, hépatologie,
o T Depuis 01/09/2001 addictologie
5179 453 BOSSON Jean-Luc Biostatigques, informatigque médicale et
S T Depuis 01/01/2006 technologies de communication

BOUGERCL Thierry . .
241 0011 '
2416 Depuis 01/09/1998 Pesychiatrie d'adultes
BOUILLET Laurence - .
23 001
2372 3 Depuis 01/09/2012 Médecine interne
SURNCMERE BERAMBILLA CHRISTIAN Pneumologie
9/10/013 Depuis 01/10/1909 g
SURNCMERE BRAMBILLA Elisabeth . . .
28/12/012 Depuis 01/10/1993 Anatomie et cytologie pathologiques
BRICAULT Ivan . . . - o
230 00
2302 0048 Depui 01/09/2011 Radiologie et imagerie médicale
2165 0o00 BRICHON Pierre-Y¥ves Chirurgie thoracique et cardio-
“ehe U Depuis 01/10/1993 vasculaire
CAHN Jean-Yves - .
229 oo
: 43 Depuis 01/09/2004 Hématologie
CARPENTIER Frangoise _ . _ .
2405 001 '
241 0017 Depuis 01/09/1997 Thérapeutique, médecine d'urgence

. CARPENTIER Patrick Chirurgie vasculaire, médecine
2310 0020 . -

Depuis 01/10/1990 vasculaire

CESBRON Jean-Yves .
2425 0030
242 3 Depuis 01/09/1999 Tmmunclogie

CHABARDES Stephan .
220 0110
2308 Depuis 01/09/2010 Neurochirurgie
2535 0725 CHABRE Olivier Endocrinologie, diabéte et maladies
o S Depuis 01/09/2002 métaboliques

CHAFFANJON Philippe
231 0061
2316 & Depuis 01/09/2005 Anatomie
2340 0134 CHAVANON Olivier Chirurgie thoracique et cardio-
<=t o Depuis 01/09/2006 vasculaire

CHIQUET Christophe .
229 0190

7 Depuis 01/09/2007 ophtalmologie

2223 0233 CINQUIN Philippe Biostatigques, informatigque médicale et
<= - Depuis 01/10/1992 technologies de communication
R 1414 COHEN 0Olivier Biostatigques, informatique médicale et
R B Depuis 01/08/2003 technologies de communicatien

COUTURIER Pascal L. . . . -
52 010

37 3 Depuis 01/09/2007 Gériatrie et biclogie du vieillissement

2206 0077 CRACOWSKI Jean-Luc Pharmacologie fondamentale,
<= o Depuis 01/09/2009 pharmacologie clinique
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DE GAUDEMARIS Régis " . - -
231 0879
313 a7 Depuis 01/07/1992 Médecine et santé au travail
DEBILLON Thierry L as :
23 0o
2322 0032 Depuis 01/09/2003 Pédiatrie
aass I DEMATTEIS Maurice Addictologie
== HuEs Depuis 01/09/2010 g
SURNCMERE DEMONGEOT Jacques Biostatigques, informatique médicale et
26/03/012 Depuis 01/10/1989 technologies de communicatien
DESCOTES Jean-Luc
240 oo
2402 0oz2 Depuis 01/09/1997 Urologie
2369 0041 EPAULARD Olivier Maladies infectieuses, maladies
“shs e Depuis le 01/09/2014 tropicales
. . ESTEVE Frangois . . - : =
4068 1437 Depuis 01/08/2004 Biophysique et médecine nucléaire
FAGRET Daniel . . _ : -
23 oo
2361 0034 Depuis 01/10/1992 Biophysique et médecine nucléaire
FAUCHERON Jean-Luc . . P
249 0055
453 Depuis 01/08/2001 chirurgie générale
FERRETTI Gilbert . . . . -2
2 oo
2447 47 Depuis 01/09/2000 Radiclogie et imagerie médicale
FEUERSTEIN Claude . .
23 0005
2217 Depuis 01/07/1992 Physiclogie
FONTAINE Eric P
145
5178 1452 Depuis 01/01/2006 Nutrition
2411 0023 FRANCOIS Patrice Epidémiclogie, économie de la santé et
I o Depuis 01/09/1998 prévention
GARBAN Frédéric . :
3 0o .
9594 0072 Depui 01/09/2011 Hématologie, transfusion
249 0053 GAUDIN Philippe Rhumatologie
87 o= Depuis 01/08/2001 g
GAVAZZII Gaetan . . . . -
229 005
[ 2 Depui 01/09/2011 Gériatrie et biclogie du vieillissement
GAY Emmanuel
2300 0065 i i
2300 008 Depuis D1/08/2004 Neurochirurgie
2368 0004 GODFRAIND Catherine Anatomie et cytologie pathologiques
<= o Depuis le 01/09/2013 (type clinique)
GRIFFET Jacques : s s .
231 930
318 Depuis 01/03/2010 Chirurgie infantile
SURNOMERE HALIMI Serge Nutrition
17/01/012 Depuis 01,/10/1990
_ . HENNEBICQ Sylviane PR P
2339 010
iz 0102 Depuis 01/09/2012 Génétique et procréation
HOFFMANN Pascale . . .
2305 00
23 27 Depuis 01/09/2012 Gynécologie cbstétrique
HOMMEL Marc .
23 001
2384 2 Depuis 01/09/1995 Neurologie
JOUE Pierre-Simon P
240 1
2404 317 Depuis D1/08/1997 Génétique
— 0014 JUVIN Rebert Rh tologi
“2 nut Depuis 01/10/1993 umatologie
KAHANE Philippe ; :
235 0069
523 oos Depuis 01/09/2007 Physiclogie
ERACE Paul :
250 0050
2508 Hu=t Depuis 01/09/2003 Neurologie
ERAINIE Alexandre
23 091 i i i i sdi
138 0912 Depuis 01/09/2008 Radioclogie et imagerie médicale
LABRARERE José
23 1009 =3 i i i
344 o] Depuis 01/09/2012 Département de veille sanitaire
LANTUEJOUL Sylvie . . .
51 480
5176 1480 Depuis 01/09/2008 Anatomie et cytologie pathologiques
LECCIA Marie-Thérése PR
250 0015 -
2507 Depuis 01/09/2002 Dermato-vénéréologie
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LEROUX Deominigque

239 ooo éné
392 oooe Depuis 01/09/1896 Géndtiqua
2303 0064 LERQY Vincent Gastro-entérologie, hépatolegie,
o o Depuis 01/09/2007 addictologie
SURNCMERE LETOUBLON Christian hi R snéral
10/05/013 Depuis 01/05/1892 chirurgie gensrale
LEVY Patrick . .
2401 00
24 33 Depuis 01/09/1997 Physiclogie
SURNCMERE MACHECOURT Jacgques . -
05/11/012 Depuis 01/10/1989 Cardiologie
MAGNE Jean-Luc . : .
2329 01
3z a4 Depuis 01/07/1990 Chirurgie vasculaire
MAITRE Anne - . " :
52 55
33 37 Depuis 01/09/2007 Médecine et santé au travail
MAURIN Max P . s s
2500 0os -
2500 0056 Depuis 01/09/2002 Bactériclogie virologie
MERLOZ Philippe . . s :
2330 0021
2330 ooz Depuis 01/10/1891 Chirurgie orthopédique et traumatologie
MORAND Patrice L. . . .
23 000 -
2332 7 Depuis 0170972007 Bactériclogie virologie
2223 so1s MOREAU-GAUDRY Alexandre Biostatigques, informatigque médicale et
= T Depuis 01/09/2013 technologies de communication
MORC Elena .
23 0071
2362 7 Depuis 0170972012 Neurologie
MORO-SIBILOT Denis -
229 oo
3 46 Depuis 01/09/2005 Pneumologie
2180 0010 MOUSSEAU Mireille Cancérologie
<=8t vess Depuis 01/09/1994 g
223 - MOUTET Frangois Chirurgie plastique, recomstructrice et
e T Depuis 01/10/1890 esthétique, briilogie
PALOMBI Olivier .
2111 00
3L 62 Depui 01/09/2011 Anatemie
PARE Sophie - :
2125 00 -
2325 0026 Depuis le 01/09/2013 Hémato transfusion
PASSAGIA Jean-Guy .
2179 0019
27 Depuis 01/08/1994 Anatemie
PAYEN DE LA GARANDERIE Jean-Frangois P : P N
239 o009
193 00¢ Depuis 01/09/1996 Anesthésiclogie ré&animation
PELLOUX Hervé . : :
2 0889
486 o088 Depuis 01/08/2001 Parasitologie et mycologie
PEPIN Jean-Louis . :
2291 0os .
0os7 Depuis 01/09/2004 Physiologie
PERENNCOU Dominigque " . . - .
2395 131 .
3 318 Depuis 01/04/2008 Médecine physique et de ré&adaptation
PERNOD Gilles . . .
231 0051
2312 Depuis 0170972007 Médecine vasculaire
PIOLAT Christian . L .
231 0060
2314 [ Depuis 01/09/2009 Chirurgie infantile
PISON Christophe .
23 0671
ig 67 Depuis 0170971994 Pneumclogie
PLANTAZ Deminique oo .
23 00
2333 44 Depuis 01/09/2003 Pédiatrie
POLACK Benoit - :
241 00 .
2412 o038 Depuis 0170971998 Hématologie
POLOSAN Mircea .
23 011 '
2327 2 Depuis le 01/09/2013 Pesychiatrie d'adultes
PONS Jean-Claude . . -
241 00
2414 66 Depuis 01/09/1998 Gynécologie cobstétrique
2334 0058 RAMBERUD Jacques Urologie

Depuis 01/07/1991
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REYT Emile . -
2 0911 - -
367 Depuis 01/10/1992 Oto-rhine-laryngoleogie
RIGHINI Christian ; :
230 - -
2307 Depuis 01/09/2010 Oto-rhino-laryngologie
2235 0023 ROMANET J. Paul oohtalmol
. Depuis 01/10/1991 putaimologle
SARAGAGLIA Dominique . . e .
2 0025
2336 2 Depuis 01/07/1992 Chirurgie orthopédique et traumatologie
- SAUDOU Frédéric . . :
0063 Depuis le 01/09/2014 Biclogie cellulaire
SCHMERBER Sébastien ; :
229 091 = -
a 0913 Depuis 01/09/2005 Oto-rhino-laryngologie
SCHWEBEL Carcle P . = 3:
23 oo
326 37 Depuis 01/09/2012 Réanimation médicale
SCOLAN Virginie - . - : -
273 8
11273 a8aa Depuis le 01/09/2013 Médecine légale et droit de la santé
2387 1281
S . SESSA Carmine
B Depuis—03/00/2008 en disponibilité pour un an
234 1026 STAHL Jean-Paul Maladies infectieuses, maladies
o0 - Depuis 01/10/1992 tropicales
STANEE Frangoise :
2 ooo
2337 oooz Depuis 01/08/2011 Pharmacologie fondamentale
TAMISIER Renaud . .
2 0045
2328 4 Depuis 01709/2013 Physiclogie
2321 0054
TONETTI Jérdme . . L. :
2319 oo
3 a8a 01/09/2007 au 31/12/2010 Chirurgie orthopédique et traumatologie
TOUSSAINT Bertrand . - . . - :
0 0074
2370 0074 Depuis 0170972008 Biochimie et biclogie moléculaire
2428 0016 VANZETTO Gérald Cardiologie
- v Depuis 01/09/1999 g
VUILLEZ Jean-Philippe . . - : . s
2430 0035
24310 003 Depuis 01/09/1999 Biophysique et médecine nucléaire
59 . WEIL Geocrges Epidémiologie, économie de la santé et
w7 T Depui 01/09/2011 prévention
ZAOUI Philippe - :
229 0
2 vere Depuis 01/09/2002 Néphrologie
2377 0036 ZARSKI Jean-Pierre Gastro-entérologie, hépatologie,
== o Depuis 01/09/1994 addictologie
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RESUME

Introduction : Aprés transplantation pulmonaire, I’hypogammaglobulinémie est une
situation fréquente et associée a un risque accru de dysfonction chronique du greffon
(CLAD) et a une survie moindre.

Methode : Cette étude monocentrique, rétrospective, observationnelle a analysé, parmis les
transplantés pulmonaires (TP) grenoblois ayant survécu plus de 3 mois depuis 1998, I’effet
de la substitution en immunoglobulines polyvalentes (IglV, 0.4g/kg/mois) des TP
hypogammaglobulinémiques (Immunoglobulines G inférieures a 6g/L).

Résultats : Parmi les 84 TP consécutifs, 54 ont recu une substitution en IglV. Les 2
groupes de patients, substitués et non substitues, étaient comparables sur un suivi médian
de 2.8 ans [Q1-Q3:1,4-5,7]. La substitution en IglV débutait 3,5 mois apres transplantation
[0,5-9,4] et prenait fin 4,5 mois aprés [1,0-17,7], la dose moyenne d’IgIV recue était 52,8
+/-47,7g. En analyse multivariée, le groupe substitué présentait une survie globale a 5 ans
(hazard ratio [HR]: 0.63 95% ClI: 0,26-1,49, p=0,29) et une survie sans CLAD a 5 ans (HR:
0,51 95%CI: 0,15-1,67, p=0.27) semblables au groupe non substitué. Les analyses
complémentaires intégrant un score de propension et I’analyse temps-dépendante
montraient également des survies identiques dans les 2 groupes.

Conclusion : La substitution en IglV semble rétablir chez les TP
hypogammaglobulinémiques une survie globale et une survie sans CLAD comparable aux
non hypogammaglobulinémiques. Des études complémentaires sont nécessaires pour
confirmer ’effet bénéfique des IglV et en comprendre les mécanismes, principalement
I’effet protecteur contre les infections, voire un éventuel réle immunomodulateur.

MOTS-CLES : transplantation  pulmonaire, substitution en immunoglobulines
polyvalentes, dysfonction chronique du greffon, survie, rejet humoral

ABSTRACT

Background: After lung transplantation (LT), immunoglobulins G (IgG) plasma
concentrations <6 g/L are common and correlate with an increased risk of Chronic Lung
Allograft Dysfunction (CLAD) and a poorer survival.

Methods: We conducted an open substitution intervention with nonspecific intra venous Ig
(IV1g), in 54 patients with 1gG plasma <6 g/L post LT out of 84 consecutive recipients
since 1998 who survived more than 3 months.

Results: Both substituted (S) and non-substituted (NS) groups had similar donor/recipient
characteristics and events over a median follow-up of 2.8 years [Q1-Q3: 1.4-5.7]. IVIg
substitution started 3.5 months [0.5-9.4] after transplantation and lasted 4.5 months after
[1.0-17.7], mean cumulative dose was 52.8+47.7g. In multivariate Cox regression model,
hypogammaglobulinemic patients who were substituted with IVIg had actually a 5-year
survival, (hazard ratio (HR): 0.63 [95% CI: 0.26-1.49], p=0.29) and CLAD-free 5-year
survival (HR: 051 [95%CIl: 0.15-1.67], p=0.27) really close to non-
hypogammaglobulinemic and non-substituted patients. Complementary analysis using
propensity score and time-dependent analysis showed that survival and CLAD-free
survival were not different in both groups.

Conclusion: IVIg post LT achieved similar survival and CLAD-free survival in recipients
with hypogammaglobulinemia as compared to those with normal 1gG plasmatic rate. A
randomized control is required to confirm benefic effects of IVIg and disentangle
mechanisms including protection from infections, acute cellular and humoral rejections in
patients with hypogammaglobulinemia after LT.
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