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INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is the curative treatment for various malignant and non-malignant hematological disorders. It is based on the transfer of an immune system from a healthy donor to the recipient through replacement of hematopoietic stem cells [START_REF] Apperley | Revised edition of the European Bone Marrow Transplantation (EBMT)-European Society of Haematology (ESH) Handbook on Haematopoietic Stem Cell Transplantation[END_REF]. The increasing transplant activity and the improving post-transplant survival have led to a steadily growing pool of long-term allo-HSCT survivors with specific health challenges [START_REF] Apperley | Revised edition of the European Bone Marrow Transplantation (EBMT)-European Society of Haematology (ESH) Handbook on Haematopoietic Stem Cell Transplantation[END_REF][START_REF] Gratwohl | Hematopoietic stem cell transplantation: a global perspective[END_REF][START_REF] Majhail | Recommended Screening and Preventive Practices for Long-term Survivors after Hematopoietic Cell Transplantation[END_REF][START_REF] Gooley | Reduced mortality after allogeneic hematopoietic-cell transplantation[END_REF][START_REF] Hahn | Significant improvement in survival after allogeneic hematopoietic cell transplantation during a period of significantly increased use, older recipient age, and use of unrelated donors[END_REF][START_REF] Souza | Current Uses and Outcomes of Hematopoietic Cell Transplantation (HCT): CIBMTR Summary Slides[END_REF].

Prevention of infection is of paramount importance to allo-HSCT recipients, since infections are among the most frequent life-threatening complications after allo-HSCT [START_REF] Souza | Current Uses and Outcomes of Hematopoietic Cell Transplantation (HCT): CIBMTR Summary Slides[END_REF]. Allo-HSCT recipients are specifically susceptible to invasive pneumococcal and Haemophilus influenzae infections, which might be prevented by vaccination [START_REF] Aucouturier | Long lasting IgG subclass and antibacterial polysaccharide antibody deficiency after allogeneic bone marrow transplantation[END_REF][START_REF] Kumar | Invasive pneumococcal disease in adult hematopoietic stem cell transplant recipients: a decade of prospective population-based surveillance[END_REF][START_REF] Rozmus | Functional hyposplenism after hematopoietic stem cell transplantation[END_REF]. They further lose protective immunity to tetanus, diphtheria, poliovirus, measles and hepatitis B [START_REF] Volti | Immune status and immune response to diphtheria-tetanus and polio vaccines in allogeneic bone marrow-transplanted thalassemic patients[END_REF][START_REF] Parkkali | Loss of protective immunity to polio, diphtheria and Haemophilus influenzae type b after allogeneic bone marrow transplantation[END_REF][START_REF] Parkkali | A randomized comparison between early and late vaccination with tetanus toxoid vaccine after allogeneic BMT[END_REF][START_REF] Ljungman | Long-term immunity to measles, mumps, and rubella after allogeneic bone marrow transplantation[END_REF][START_REF] Kaloyannidis | Allografted recipients immunized against hepatitis B virus are at high risk of gradual surface antibody (HbsAb) disappearance post transplant, regardless of adoptive immunity transfer[END_REF].

Various expert committees have issued vaccination schedules after allo-HSCT, mostly based on data obtained in pediatric allo-HSCT recipients [START_REF] Ljungman | Vaccination of stem cell transplant recipients: recommendations of the Infectious Diseases Working Party of the EBMT[END_REF][START_REF] Hilgendorf | Vaccination of allogeneic haematopoietic stem cell transplant recipients: report from the international consensus conference on clinical practice in chronic GVHD[END_REF][START_REF] Rubin | IDSA clinical practice guideline for vaccination of the immunocompromised host[END_REF][START_REF] Cordonnier | Vaccination of haemopoietic stem cell transplant recipients: guidelines of the 2017 European Conference on Infections in Leukaemia (ECIL 7)[END_REF][START_REF] Hcsp | Vaccination des personnes immunodéprimées ou aspléniques[END_REF][START_REF]Recommendations for revaccination after haematopoietic stem cell transplant in children and adults[END_REF][START_REF]Immunization of immunocompromised persons: Canadian Immunization Guide[END_REF][START_REF] Ljungman | Vaccination of hematopoietic cell transplant recipients[END_REF]. Many questions are still pending in the adult setting. Immunogenicity and durability of the response to some vaccines are poorly documented. The influence of hematological characteristics and transplant-related complications on vaccine efficacy is mostly unknown. In particular, graft-versus-host-disease (GVHD), whose occurrence frequently overlaps with vaccine schedule, may significantly impact immunization efficacy. Finally, the tolerance to some vaccine formulations recommended after allo-HSCT, such as full doses of diphtheria and acellular pertussis toxoid, is unknown in the adult population [START_REF] Cordonnier | Vaccination of haemopoietic stem cell transplant recipients: guidelines of the 2017 European Conference on Infections in Leukaemia (ECIL 7)[END_REF][START_REF] Hcsp | Vaccination des personnes immunodéprimées ou aspléniques[END_REF][START_REF] Ljungman | Vaccination of hematopoietic cell transplant recipients[END_REF].

We report herein our real-life experience concerning re-immunization of adult allo-HSCT recipients using the pediatric combined diphtheria (D), tetanus (T), acellular pertussis (aP), hepatitis B (HB) virus, inactivated polio (IPV) and Haemophilus influenzae type b (Hib) conjugate vaccine (DTaP-HB-IPV-Hib), according to current guidelines. The primary objective was to determine the proportion of responders up to 24 months after vaccination, based on vaccine-specific antibody levels. Secondary objectives were to assess vaccine immunogenicity through comparison of the geometric mean concentrations (GMC) at baseline and up to 24 months after vaccination in different immunization groups according to allo-HSCT characteristics, as well as safety of the re-immunization schedule.

MATERIALS AND METHODS

Study design and patient population

From April 2014 to March 2018, all consecutive adult (≥18 years) allo-HSCT recipients, transplanted at the Hematology Department, who were referred to the vaccination center of our institution on the referent hematology physician's demand, were prospectively followed up to May 2019. Recipients were required to be at least six months post-transplant and disease-free. The following patient characteristics were recorded: demographics, underlying hematological disease, transplant characteristics (conditioning regimen, stem cell source, donor type), prophylaxis for GVHD (including antithymocyte globulins, methotrexate, posttransplant cyclophosphamide), grade of acute and active chronic GVHD (cGVHD) according to current international grading standards and their treatments (corticosteroids, calcineurin inhibitors, rituximab, extracorporeal photopheresis [ECP] and other immunosuppressants), administration of intravenous immunoglobulins (IVIg) and donor lymphocyte infusions [START_REF] Arber | The 2016 revision to the World Health Organization classification of myeloid neoplasms and acute leukemia[END_REF][START_REF] Swerdlow | The 2016 revision of the World Health Organization classification of lymphoid neoplasms[END_REF][START_REF] Lee | Classification systems for chronic graft-versus-host disease[END_REF][START_REF] Jagasia | National Institutes of Health Consensus Development Project on Criteria for Clinical Trials in Chronic Graft-versus-Host Disease: I. The 2014 Diagnosis and Staging Working Group report[END_REF].

The study was approved by the Ethics Committee of the Lyon university hospital (Comité d'Ethique, Hospices Civils de Lyon) and registered to the national data protection authority (Commission Nationale Informatique et Libertés, CNIL) under the number 18-063. Informed consent for collection of blood samples at each follow-up visit was obtained from recipients.

Vaccination schedule

Patients were vaccinated according to French guidelines which recommend three doses of the combined pediatric formulation DTaP-HB-IPV-Hib conjugate vaccine one month apart, beginning optimally six months post-transplant, followed by a fourth booster dose 12 months after the first dose [START_REF] Hcsp | Vaccination des personnes immunodéprimées ou aspléniques[END_REF]. Vaccines were administered by intramuscular route. Of note, this formulation contained a higher dose of D toxoid valence (≥20-30 IU/dose) and a lower dose of HB valence (10 µg/dose) as compared to the vaccines licensed for adults (≥2 IU/dose and 20 µg/dose, respectively). For patients with a history of hepatitis B or refusing such vaccination, the combined pediatric formulation HB valence-free pentavalent equivalents were used and these recipients were excluded from the analysis for hepatitis B vaccine response.

Blood sampling

At baseline (pre-vaccination, T1), six (T2), 12 (T3), and 24 months (T4) after vaccine initiation, five to 10 mL of blood were routinely sampled for serological testing, serum levels of immunoglobulins (Ig) G, A, and M were measured by immunonephelometry and peripheral blood T-, B-lymphocytes, and NK-cells subsets by flow cytometry.

Antibody assays and definition of vaccine response

Serum concentrations of specific IgG were measured at baseline (T1) and post-vaccination (T2-T4) for tetanus and diphtheria (toxoid, VaccZyme™ Tetanus or Diphtheria IgG Enzyme Immunoassay Kit, Binding Site Ltd., United Kingdom), Hib (Hib capsular polysaccharide, VaccZyme™ Haemophilus influenzae type b IgG Enzyme Immunoassay Kit, Binding Site Ltd., United Kingdom) and hepatitis B (HB surface antigen, anti-HBs2, Advia XP Centaur, SIEMENS, Germany). Assay range was 0.01-7 IU/mL for tetanus, 0.012-3 IU/mL for diphtheria, 0.11-9 µg/mL for Hib, and 3.1-1000 mIU/mL for HBs specific antibodies. Vaccine response was defined by achievement of the following long-term protection thresholds in serum antibody concentrations [START_REF] Plotkin | Correlates of Protection Induced by Vaccination[END_REF]: ≥0.1 IU/mL for tetanus and diphtheria, ≥1 µg/mL for Hib and ≥10 mIU/mL for anti-HBs antibodies. Additional analysis was performed to calculate the proportion of hepatitis B-vaccinated recipients having achieved high-level anti-HBs titers (≥100 mIU/mL).

Endpoints

Primary endpoint was the proportion of responders at six months (T2) after vaccination for tetanus, diphtheria, Hib, and hepatitis B among evaluable recipients. Secondary endpoints were: (i) maintenance of serological responses at 12 and 24 months after vaccine initiation;

(ii) GMC assessment of specific antibodies at baseline, at six, 12 and 24 months after vaccine initiation and calculation of the geometric mean fold rise (GMFR) of antibody concentrations;

(iii) comparison of GMC of specific antibodies over time according to the underlying disease (acute leukemia vs others), to three transplant-related factors (stem cell source; cGVHD; ECP), and to the time of vaccine initiation; (iv) assessment of safety through recording of adverse events (immediate local and general reactions).

Statistical analysis

Qualitative variables were expressed as counts and percentages, quantitative continuous data as median and interquartile range (IQR 

RESULTS

Study population

During the study period, 279 patients underwent allo-HSCT at our institution, among which 124 (44.4%) were referred to the vaccination center. The final study population comprised the 106 allo-HSCT recipients which had received ≥1 dose of the combined DTaP(±HB)-IPV-Hib vaccine. Ninety-one (85.8%) patients received the hexavalent DTaP-HB-IPV-Hib vaccine, 15 (14.2%) the pentavalent DTaP-IPV-Hib vaccine (Figure 1).

Demographic and hematological characteristics of the study population at baseline are presented in Table 1. Median time from allo-HSCT to baseline assessment was 9.4 months (interquartile range [IQR], 7.6-13.7). The first dose of combined DTaP(±HB)-IPV-Hib vaccine was administered at a median of 12.4 months (IQR, 10-18.4) after allo-HSCT. Of note, 66 (62.3%) patients had received ≥1 infusion of IVIg, the last dose administered at a median time of 4.5 months (IQR, 2.6-8) before T1.

Primary endpoint: proportion of vaccine responders after allo-HSCT

At T1, 75.2% (95%CI, 65. 

Evolution of specific antibody concentrations over time

GMCs before and after vaccination for the evaluable immunogenicity population are illustrated in Figure 3. There was a significant increase of GMC after vaccination for each of the four valences. For tetanus, GMC increased from 0. . Conditioning had no significant impact on vaccine-specific antibody levels at any time point. ATG was associated with significantly lower persisting anti-diphtheria (P < .001) and anti-HBs (P = .009) antibodies at T1, but had no significant impact on antibody levels after vaccination. Immune reconstitution parameters (absolute counts of CD4+T cells, CD20+B cells, ratio of CD4+/CD8+ T cells, levels of Ig G/A/M) at baseline had no significant impact on vaccine-specific antibody levels (data not shown).

Vaccine safety

Vaccination was well tolerated, with 6 (5.7%) patients reporting mild side effects (sore arm, low-grade fever). No severe adverse event was recorded.

DISCUSSION

This prospective cohort study of adult allo-HSCT recipients revaccinated with pediatric formulation vaccines, the largest to date analyzing a real-life experience, brings new insights on vaccine response in this setting. First, adult recipients achieved similar high (>90%) and sustained rates of protective antibody titers for tetanus, high-dose diphtheria, and Hib than those observed in previous pediatric cohorts [START_REF] Inaba | Longitudinal analysis of antibody response to immunization in paediatric survivors after allogeneic haematopoietic stem cell transplantation[END_REF][START_REF] Shah | Robust Vaccine Responses in Adult and Pediatric Cord Blood Transplantation Recipients Treated for Hematologic Malignancies[END_REF][START_REF] Patel | Revaccination of children after completion of standard chemotherapy for acute leukemia[END_REF]. Second, the low dose hepatitis B valence induced >80% of protective and sustained antibody titers. Third, hematological and transplant-related characteristics influenced the magnitude of immune response to vaccines.

The pediatric vaccine was well tolerated, with less than 10% of patients having local or systemic adverse reactions. Three high-dose diphtheria toxoid doses resulted in 95% of seroprotective anti-diphtheria titers. In the literature, vaccine response to diphtheria ranged from 62 to 100%, according to age, dose of diphtheria toxoid, and threshold of seroprotection used [START_REF] Inaba | Longitudinal analysis of antibody response to immunization in paediatric survivors after allogeneic haematopoietic stem cell transplantation[END_REF][START_REF] Shah | Robust Vaccine Responses in Adult and Pediatric Cord Blood Transplantation Recipients Treated for Hematologic Malignancies[END_REF][START_REF] Olkinuora | Immunity after (re)vaccination of paediatric patients following haematopoietic stem cell transplantation[END_REF]. Attainment of seroprotective anti-diphtheria titers was shown to be more frequent and more durable in children aged ≤7 years vaccinated with the DTaP vaccine than in children aged >7 years vaccinated with the Td vaccine. Moreover, an older age at immunization has been associated with a worse response to diphtheria vaccine [START_REF] Inaba | Longitudinal analysis of antibody response to immunization in paediatric survivors after allogeneic haematopoietic stem cell transplantation[END_REF][START_REF] Shah | Robust Vaccine Responses in Adult and Pediatric Cord Blood Transplantation Recipients Treated for Hematologic Malignancies[END_REF]. Thus, the present data strongly support the latest ECIL-7 guidelines that recommend DT vaccines for all ages post-HSCT [START_REF] Cordonnier | Vaccination of haemopoietic stem cell transplant recipients: guidelines of the 2017 European Conference on Infections in Leukaemia (ECIL 7)[END_REF].

Antigen dose is also known to be a key determinant of hepatitis B vaccine immunogenicity in immunosuppressed patients. Here, low-dose (10 µg) of recombinant HBs antigen resulted in the weakest response rate, similar to the response rate at 2 years (77.1%) reported by Inaba et al. [START_REF] Inaba | Longitudinal analysis of antibody response to immunization in paediatric survivors after allogeneic haematopoietic stem cell transplantation[END_REF]. However, the response rate was still higher than the overall response rate (64%) reported in a study of allo-HSCT recipients of all ages vaccinated at a median time of 23.4 months post-transplant with an age-appropriate dose of hepatitis B vaccine [START_REF] Jaffe | Immunogenicity of recombinant hepatitis B vaccine (rHBV) in recipients of unrelated or related allogeneic hematopoietic cell (HC) transplants[END_REF]. In contrast, young healthy adults are expected to respond to recombinant hepatitis B vaccine in more than 90-95% of cases [START_REF] Zajac | Overview of clinical studies with hepatitis B vaccine made by recombinant DNA[END_REF]. Augmented vaccine schedules are proposed in other immunosuppressed patient categories, i.e. in HIV-infected individuals in whom vaccination with 4x40 µg of recombinant HBs antigen has been shown to be more immunogenic than the 3x20 µg/dose scheme (82% vs 65%) [START_REF] Launay | Safety and immunogenicity of 4 intramuscular double doses and 4 intradermal low doses vs standard hepatitis B vaccine regimen in adults with HIV-1: a randomized controlled trial[END_REF]. Older age has also been associated with lower immunogenicity of hepatitis B vaccination [START_REF] Fisman | Effect of Age on Immunologic Response to Recombinant Hepatitis B Vaccine: A Meta-analysis[END_REF]. Thus, seroconversion and maintenance of protective anti-HBs levels in adult allo-HSCT recipients might be optimized by using at least an adult 20 µg/dose scheme and higher dose schemes remain to be evaluated.

Most vaccine studies after allo-HSCT have included a low proportion of recipients with cGVHD, which occurs in approximately 30-50% of recipients [START_REF] Apperley | Revised edition of the European Bone Marrow Transplantation (EBMT)-European Society of Haematology (ESH) Handbook on Haematopoietic Stem Cell Transplantation[END_REF][START_REF] Arai | Increasing incidence of chronic graft-versus-host disease in allogeneic transplantation: a report from the Center for International Blood and Marrow Transplant Research[END_REF]. GVHD is expected to alter vaccine response through intrinsic and drug-related immunosuppressive intensification [START_REF] Ogonek | Immune Reconstitution after Allogeneic Hematopoietic Stem Cell Transplantation[END_REF]. We intentionally included these recipients to stratify the risk of weaker response.

Transplant-related factors such as stem cell source, cGVHD, and EPC were associated with a short-term weaker immunization but this effect vanished over time, while immune reconstitution was expected to progress and GVHD to resolve. cGVHD was associated with lower antibody levels after tetanus and hepatitis B vaccination, consistent with previous findings [START_REF] Inaba | Longitudinal analysis of antibody response to immunization in paediatric survivors after allogeneic haematopoietic stem cell transplantation[END_REF][START_REF] Jaffe | Immunogenicity of recombinant hepatitis B vaccine (rHBV) in recipients of unrelated or related allogeneic hematopoietic cell (HC) transplants[END_REF]. Long-term immunization was not different in each of these subsets. A single study has evaluated the effect of ECP on vaccine responsiveness and concluded to the absence of impact of monthly ECP on tetanus immunization in scleroderma patients [START_REF] Suchin | Extracorporeal photochemotherapy does not suppress T-or B-cell responses to novel or recall antigens[END_REF]. The data herein confirms the lack of effect of ECP on long-term (24 months) vaccine response suggesting that re-immunization can be carried out under ongoing ECP. Regarding IVIg, their use is not expected to interfere with inactivated vaccines (in contrast to some live vaccines) but can lead to misestimating antibody levels [START_REF]Vaccination & Immunoprophylaxis: General Recommendations[END_REF]. This is particularly important in the present cohort, in which 70% of patients received ≥1 IVIg infusion post-transplant, which contains anti-Hib and anti-tetanus antibodies, for which median half-lives have been evaluated at 29.3 days (range, 11.4-114) and 30.5 days (range, 16.1-47.5), respectively [40].

As IVIg were administered preferentially during the first 6 months post-transplant, it is unlikely that post-vaccination assessments (>12 months post-transplant) were impacted.

The time post-transplantation might affect vaccine responsiveness, as immune reconstitution is a dynamic process. Some guidelines recommend initiating vaccination at 6 months, others within a window of 6 to 12 months [START_REF] Rubin | IDSA clinical practice guideline for vaccination of the immunocompromised host[END_REF][START_REF] Cordonnier | Vaccination of haemopoietic stem cell transplant recipients: guidelines of the 2017 European Conference on Infections in Leukaemia (ECIL 7)[END_REF][START_REF] Hcsp | Vaccination des personnes immunodéprimées ou aspléniques[END_REF]. Here, the median time of vaccine initiation was 12.4 months post-transplant. Of note, time from HSCT to vaccination was not controlled in the present cohort and patients referred earlier to the vaccination center responded as well as those vaccinated later, but were also those with the most favorable hematological characteristics and post-transplant course.

The present study has strengths and limitations, specifically the real-life setting which offers advantages and drawbacks: the cohort included 33% of allo-HSCT recipients with a history of cGVHD, which is representative of the allo-HSCT population. Patients were vaccinated irrespective of immune reconstitution parameters. However, as only allo-HSCT recipients referred to the vaccination center by their treating hematologist were included, this might be a source of selection bias. Multivariate analysis was not performed because of the overall good vaccine response. Another limit concerns lost-to-follow-up, especially for the 24-month time point. Finally, cut-offs of protective antibody titers were derived from large-scale immunization studies in immunocompetent infants, but these cut-offs might not apply to allo-HSCT recipients.

In summary, the pediatric combined DTaP-HB-IPV-Hib conjugate vaccine was safe and overall effective in adult allo-HSCT recipients in eliciting a protective humoral response to diphtheria, tetanus, and Hib. Regarding hepatitis B vaccination, our data plead for the use of adult antigen dose, despite the burden of three additional vaccine shots. Interventional studies are needed to address the number of DTaP-HB-IPV-Hib conjugate vaccine doses needed, as additional booster might be necessary in some patient categories with factors hampering vaccine response. As currently underway in our center, a prospective cohort study including immune functional assays, in addition to clinical and serological follow-up, could further contribute to refining the re-immunization agenda for adult allo-HSCT recipients at an individual level. 

  2) NOTE. Geometric Mean Fold Rise with their 95% Confidence Interval (95%CI) of tetanus-, diphtheria-, Haemophilus influenzae type b-and HBs-specific immunoglobulin concentrations after vaccination of adult allo-HSCT recipients with the combined DTaP(±HB)-IPV-Hib conjugate vaccine. Specific antibody levels were measured at baseline (T1), six (T2), 12 (T3) and 24 (T4) months after vaccine initiation. "n" indicates the number of patients with available paired antibody assay results at both of the specified time points.
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IU/mL (95%CI, 0.21-0.34) at T1 to 1.45 IU/mL (95%CI, 1.15-1.82; P < .001) at T2, and 2.31 IU/mL (95%CI, 1.6-3.34; P < .001) at T4. For diphtheria, GMC increased from 0.05 IU/mL (95%CI, 0.04-0.08) at T1 to 1.09 IU/mL (95%CI, 0.86-1.38; P < .001) at T2, and 0.85 IU/mL (95%CI, 0.54-1.32; P < .was no correlation between time from allo-HSCT to vaccination and fold-rise increase of antibody concentrations between T1 and T2 or T4, for none of the four vaccine

valences (data not shown).Determinants of antibody levels (univariate analysis)

IU/mL [95%CI, 1.39-2.27], P = .02) and for ECP compared to no ECP (0.67 IU/mL [95%CI, 0.33-1.35] vs 1.74 IU/mL [95%CI, 1.4-2.16], P = .003), but these effects also waned over time. Regarding diphtheria, patients with acute leukemia responded significantly better to vaccination than patients with other underlying diseases at T2 (1.48 IU/mL [95%CI, 1.23-1.78] vs 0.69 IU/mL [95%CI, 0.42-1.14], P = .01). CBU recipients tended to have lower GMCs at T2 than bone marrow or peripheral blood stem cell recipients (0.44 IU/mL [95%CI, 0.13-1.49] vs 1.15 IU/mL [95%CI, 0.79-1.68] vs 1.3 IU/mL [95%CI, 1-1.68], P = .07). cGVHD and EPC had no significant impact on antibody levels. Response to Hib vaccine was uniformly good and no hematological factor had a significant impact on antibody response magnitude. Finally, regarding hepatitis B vaccine, acute leukemia patients had significantly characteristics associated with good vaccine response (acute leukemia, no cGVHD, and no ECP)

Table 1 . Demographic and hematological characteristics at baseline of 106 allo-HSCT

 1 40. Wasserman RL, Church JA, Peter HH, et al. Pharmacokinetics of a new 10% intravenous immunoglobulin in patients receiving replacement therapy for primary immunodeficiency. Eur J Pharm Sci 2009; 37:272-278.

	434	TABLES
	435	
	436	recipients
			n=106
		Sex ratio M/F	1.72
		Age (years), median (IQR)	47 (37.8-60)
		Underlying disease a
		acute leukemia	(59.4)
		lymphoproliferative neoplasms	18 (17)
		myelodysplastic/myeloproliferative neoplasms	(14.2)
		aplastic anemia	7 (6.6)
		multiple myeloma	3 (2.8)
		Donor type
		HLA-genoidentical sibling	(42.5)
		HLA-phenoidentical fullmatch unrelated donor	(27.4)
		HLA-phenoidentical mismatch unrelated donor	(23.6)
		HLA-haploidentical related donor	7 (6.6)
		Stem cell source
		peripheral blood stem cells	(50.9)
		bone marrow	(37.7)
		cord blood unit(s)	(11.3)
		Conditioning regimen
		myeloablative	(53.8)
		reduced-intensity	(46.2)
		GVHD prophylaxis
		ATG	(53.8)
		methotrexate	(24.5)
		calcineurin inhibitors	101 (95.3)
		mycophenolic acid	(75.5)
		post-transplant cyclophosphamide	(11.3)
		History of acute GVHD	(49.1)
		grades I, II	(41.5)
		grades III, IV	8 (7.5)
		History of chronic GVHD b	35 (33)
		IVIg	(62.3)
		Receipt of donor lymphocyte infusions	(18.9)
		Post-transplant rituximab	5 (4.7)
		Immunosuppressive/immunomodulatory treatment at
		baseline
		extracorporeal photopheresis	18 (17)
		systemic corticosteroids	4 (3.8)
		calcineurin inhibitors	8 (7.5)
		tyrosine kinase inhibitors	4 (3.8)
		others c	5 (4.7)
		Ig level (g/L), median (IQR)
		IgG	9.6 (6.1-12.1)
		IgA	0.8 (0.5-1.3)

Table 2 . Geometric Mean Fold Rise of tetanus-, diphtheria-, Haemophilus influenzae type b-and HBs-specific immunoglobulin concentrations

 2 

		T2/T1	T4/T1	T4/T3
		(n=77-91)	(n=37-42)	(n=32-39)
	Tetanus	5.8	12.8	1.9
		(4.2-7.9)	(7.8-20.9)	(1.2-3)
	Diphtheria	22.6	33.1	1.6
		(15.5-33)	(19-57.7)	(0.9-2.7)
	Hib	7.8	5.4	1.3
		(5.6-10.8)	(3.4-8.6)	(0.9-1.9)
	Hepatitis B	8.1	10.6	1.7
		(4.5-14.4)	(4.7-24.3)	(0.9-3.
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