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INTRODUCTION 

Malgré les progrès des dernières années, la survie après transplantation pulmonaire 

reste limitée et n’atteint que 53% à 5 ans (1). Les 2 principales causes de mortalité après 

transplantation restent invariablement les infections, principalement respiratoires et la 

dysfonction chronique du greffon ou CLAD (Chronic Lung Allograft Dysfunction). 

Les infections respiratoires sont très fréquentes après 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 première cause de décès dans les 3 

premières années de suivi (1). La susceptibilité accrue des transplantés pulmonaires aux 

infections s’explique par l’association de différents facteurs. Tout d’abord, 

l’immunosuppression induite et maintenue après transplantation pulmonaire est intense et 

prolongée (1). Ensuite, le poumon transplanté est en contact direct avec le milieu extérieur 

et donc avec les pathogènes potentiels. Enfin l’immunité locale est aussi compromise 

puisque d’une part, la circulation lymphatique, impliquée dans l’immunité innée, n’est pas 

rétablie après 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 après 5 ans (1, 4) et 

est responsable de plus de la moitié des décès après 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, décrit dès 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 à des facteurs allo-immuns comme le rejet aigu cellulaire, la 
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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 à CMV (9). Le rôle 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 sévère, est décrit depuis le début 

des années 2010, et se définit par un infiltrat pulmonaire interstitiel prédominant dans les 

lobes supérieurs, associé à un syndrome restrictif (11). Actuellement, peu de facteurs de 

risque de RAS ont déjà été identifiés ; les infections et le rejet aigu cellulaire paraissent 

toutefois être à l’origine de certaines aggravations aiguës 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 à 7g/L, est une condition fréquente après transplantation d’organe solide, 

secondaire à l’immunosuppression multifactorielle et prolongée. La surveillance du taux 

d’immunoglobulines G est recommandée dans le suivi des transplantés d’organe solide 

(13, 14) car l’hypogammaglobulinémie constitue un important facteur de risque d’infection 

et de mortalité précoce (15). En transplantation pulmonaire, du fait de 

l’immunosuppression marquée, l’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 à 4g/L). En 2005, une étude 

a déjà démontré que l’hypogammaglobulinémie était associée à une mortalité accrue après 

greffe pulmonaire. Dans cette étude, la survie n’excédait pas 75% à 1 an et 50% à 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 l’hypogammaglobulinémie constituait un facteur de risque 
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indépendant d’infections et de syndrome de bronchiolite oblitérante (17). Ainsi, à 

Grenoble, la surveillance du taux d’immunoglobulines G est organisée de manière 

systématique depuis 1998, ainsi que la substitution en immunoglobulines polyvalentes 

(IgIV) des transplantés pulmonaires hypogammaglobulinémiques même modérés (pour un 

taux d’Ig G inférieur à 6g/L). 

Toutefois, l’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 IgIV ou non. En transplantation 

pulmonaire, le seul essai contrôlé randomisé mené sur le sujet n’a pas montré d’efficacité 

de la substitution en IgIV sur le risque d’infection bactérienne à court terme (19). Cet essai 

n’a toutefois porté que sur un nombre restreint de patients (11 transplantés pulmonaires), et 

le critère de jugement principal n’a évalué le risque infectieux qu’au cours de la première 

année suivant la transplantation. Dans cette étude, l’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 l’intérêt d’une 

substitution en IgIV chez les transplantés pulmonaires hypogammaglobulinémiques. 

 Notre étude a donc cherché à évaluer rétrospectivement sur la cohorte de 

transplantés pulmonaires grenoblois depuis 1998, l’efficacité des IgIV 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 IgG 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 IgG 

plasmatic rate. A randomized control trial 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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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 IgG 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). IgG 

less than 6g/L has been shown to be associated with an impaired survival (23, 25), and 

substitution is currently suggested for IgG below 6g/L (13, 26). Intra-venous 

immunoglobulins (IVIg) 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 IVIg 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 IVIg. 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±47.7g. Both substituted (S) and 

nonsubstituted (NS) group demonstrated similar donor and recipient characteristics as 

shown in Table I 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 IVIg 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 IVIg 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 IVIg 
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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%CI0.65-5.57, 

p=0.24). Using the Kaplan-Meier estimation, IVIg 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 IVIg 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 IVIg 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%CI 

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, IVIg 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 IVIg 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, IVIg 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 IgG 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, IVIg 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, IVIg 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 
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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 IVIg 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 IgG 

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 IVIg 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. 

 

IgIV management 

 Since 1998, IgG 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 IgG 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 A1 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. 



20 

 

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 FEV1 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. 

 

 

 

http://sante-az.aufeminin.com/w/sante/p83/principe-actif/pyrimethamine.html
http://sante-az.aufeminin.com/w/sante/p82/principe-actif/sulfadoxine.html
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Statistical analysis 

Quantitative data were expressed as mean ± SD or median and 1
st
 and 3

rd
 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 IVIg 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 IVIg 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 IVIg 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 

n=60 

S group 

n=59 

P 

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/m² 20.7 (5.5) 20.5 (4.3) 0.84 

Diagnosis, n [%] 

COPD 

Cystic fibrosis 

Idiopathic pulmonary fibrosis 

Pulmonary hypertension 

 

6 [20] 

13 [43] 

5 [17] 

6 [20] 

 

22 [41] 

20 [36.5] 

10 [19] 

2 [3.5] 

0.04 

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 [%] 

Single lung transplantation 

Double lung transplantation 

Heart-lung transplantation 

 

5 [17] 

24 [80] 

1 [3] 

 

13 [24] 

39 [72] 

2 [4] 

0.72 

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
†
 

Hospitalization after surgery, d
†
 

14 [9-20] 

33 [25:44] 

11 [8-17] 

28 [23:35] 

0.15 

0.11 

Post-transplantation events during a 3.2  years 

median follow-up  

  

Infections 

Bacterial infections† 

Fungal infections† 

CMV infections† 

Total infections/year 

3 [2-6] 

2 [1-4] 

0 [0-1] 

0 [0-1] 

2.2 (2.3) 

5 [2-9] 

4 [1-7] 

1 [0-2] 

0 [0-1] 

2.8 (3.2) 

0.57 

0.11 

0.17 

0.97 

0.74 

Acute cellular rejection† 

ACR/year 

ACR/TBB performed 

1 [0-1] 

0.35 (0.84) 

0.11 (1.16) 

0 [0-1] 

0.27 (0.40) 

0.11 (0.19) 

0.88 

0.87 

0.88 

Best FEV1, % pred 82 (22) 88 (21) 0.25 

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

indicated otherwise 

†Median [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 
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dessus de mon travail. Je ne participerai à aucun partage clandestin d’honoraires. 

Admis dans l’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 à corrompre les 

mœurs, ni à 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. 

Même sous la menace, je n’admettrai pas de faire usage de mes connaissances 

médicales contre les lois de l’humanité. 

Respectueux et reconnaissant envers mes Maîtres, je rendrai à leurs enfants 

l’instruction que j’ai reçue de leurs pères. 

Que les hommes m’accordent leur estime si je suis fidèle à mes promesses. 

Que je sois couvert d’opprobre et méprisé de mes confrères si j’y manque. 
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RESUME 

Introduction : Après transplantation pulmonaire, l’hypogammaglobulinémie est une 

situation fréquente et associée à un risque accru de dysfonction chronique du greffon 

(CLAD) et à 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, l’effet 

de la substitution en immunoglobulines polyvalentes (IgIV, 0.4g/kg/mois) des TP 

hypogammaglobulinémiques (Immunoglobulines G inférieures à 6g/L).  

Résultats : Parmi les 84 TP consécutifs, 54 ont reçu une substitution en IgIV. Les 2 

groupes de patients, substitués et non substitués, étaient comparables sur un suivi médian 

de 2.8 ans [Q1-Q3:1,4-5,7]. La substitution en IgIV débutait 3,5 mois après transplantation 

[0,5-9,4] et prenait fin 4,5 mois après [1,0-17,7], la dose moyenne d’IgIV reçue était 52,8 

+/-47,7g. En analyse multivariée, le groupe substitué présentait une survie globale à 5 ans 

(hazard ratio [HR]: 0.63 95% CI: 0,26-1,49, p=0,29) et une survie sans CLAD à 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 l’analyse temps-dépendante 

montraient également des survies identiques dans les 2 groupes. 

Conclusion : La substitution en IgIV 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 l’effet bénéfique des IgIV et en comprendre les mécanismes, principalement 

l’effet protecteur contre les infections, voire un éventuel rôle 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 

(IVIg), in 54 patients with IgG 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: 0.51 [95%CI: 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 IgG 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. 

 


