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Abstract

Background: Hematopoietic stem cell transplantaifd8CT) remains the only treatment for most pasient
with severe combined immunodeficiencies (SCID)tbeo primary immunodeficiencies (non-SCID PID).
Objective: To analyze long-term outcome of SCID and-SCID PID patients from European centers treate
between 1968-2005.

Methods: The product-limit method estimated cumwasurvival, the log-rank test compared survival
between groups. A Cox proportional-hazard modeluatad impact of independent predictors on patient
survival.

Results: In SCID patients, survival with geno-ideatdonors (n=25) in 2000-2005 was 90%. Survivahg a
mismatched relative (n=96) has improved (66%), lsimo that using an unrelated donor (URD) (n=48)%
(p=0.005). Transplantation after year 1995, a yeurge, B+ phenotype, geno- and pheno-identicabrdon
absence of respiratory impairment, or viral infextprior to transplantation were associated witiele
prognosis on multivariate analysis.

For non-SCID PID, in contrast to SCID patients,ceeafirm that, in the 2000-2005 period, using an URD
(n=124) gave a 3-year survival rate similar to aggelentical donor (n=73), 79% for both. Survivasw76%
in pheno-identical transplants (n= 23) and worsaismatched-related donor (n=47), 46%, (p=0.016).
Conclusions: This is the largest cohort study @hspatients with longest follow-up. Specific issagese for
different patient group$- SCID patients have worse survival than otherCs@espite improvements in each
group. Fomon-SCID PID, survival is less good than SCID, alitph more conditions are now treated.
Individual disease categories now need to be aed)yso that disease-specific prognosis may berbette

understood and best treatments planned.

Key Messages

=  Transplantation for primary immunodeficiency beférmonths of age is associated with improved
outcome and supports the use of newborn screenagggmmes to facilitate the early diagnosis of SCID

=  Prognosis following HSCT for PID is multifactoriahcluding molecular defect, disease status, donor,
stem cell source and conditioning regimen, ansl itiportant to now analyse the long-term outconne fo

disease-specific groups.
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Capsule Summary

This large cohort study of hematopoietic stem tralsplantation for primary immunodeficiency dentoaies
improved outcome of transplantation before 6 mooftege, supporting use of newborn screening progras

to facilitate the early diagnosis of SCID.



Introduction

Primary immunodeficiencies (PID) are a genetichiyerogeneous group of diseases affecting distinct
components of innate and acquired immunity inclgdievelopment and function of complement proteins,
phagocytes, natural killer cells and T and B lymphes [1]. Severe combined immunodeficiencies [§@re
the most severe PID, characterized by impaireddiBatymphocyte function, normally leading to deatithin
the first year without hematopoietic stem cell s@lantation (HSCT) [2]. Other T lymphocyte
immunodeficiencies may present later; whilst prdakig improves outcome, recent studies demongtnate
long-term outlook is poor with many patients dyfngm infectious or inflammatory-related complicatgoor
malignancy in early adulthood [3,4]. Innate immulefects may present in infancy but prophylaxisrhaant
that many patients survive until early adulthoo®]5HSCT has been shown to be curative since 2968
remains the only form of treatment for many pasesith PID. European centers have been transptattiese
patients for over 30 years; previous reports demnatezl an improvement in survival over time [7]veDthat
period, HLA-tissue typing methods have been refimedv stem cell sources including umbilical corddal
have become more readily available [8] and imprawethods of isolating HSC including CD34+ stem cell
selection and CD3+/CD19+ depletion, developed [pre grafts using unrelated donors were performed.
Less toxic chemotherapy conditioning regimens Hmen developed, improving survival in very sickigats
[10]. Molecular detection of viral infection enabllpre-emptive antiviral treatment before organ dzena
supervenes [11]. Greater awareness of PID amoegsitpicians has lead to earlier diagnosis andnadfeo
specialist centers. With experience of HSCT coneg¢ed in a few centers of excellence, the chance of
successful treatment with cure of disease and temg-survival has increased. Common guidelinesseby
the European group for Blood and Marrow Transplkaomta EBMT) and the European Society for
Immunodeficiency (ESID) Inborn Errors Working Paligs enabled common treatment protocols to evolve.
Patient data are collected in the Stem Cell Tramtption for Immunodeficiencies in Europe (SCETIDE)
registry giving data on almost 1500 patients. Ia gtudy, long-term results of HSCT in SCID and 48@ID
PID, including previous cases of SCID and non-Se€lID reported in 1986, 1990 and 2003, is based on
analysis of SCID and non-SCID PID patients treatelduropean centers between 1968-2005. Since many
innovations in HSCT were introduced in the peri@@@-2005, we explored whether better results were

obtained compared to previous periods. The outaaransplants from HLA (geno-) identical siblings,



phenotypically compatible non-sibling relatives épb-identical), unrelated donors (URD) and HLA
mismatched related (MMR) donors has been asseEsedarge number of cases registered in the databas

gives sufficient statistical power for assessmémhanging trends in outcome over different periods



Methods

Data were derived from the electronic SCETIDE dasabestablished for EBMT/ESID to register HSCT for
PID [7]. All centers affiliated to the working ggrcurrently undertaking such procedures for SGhD eborn
errors were enrolled. Between 1968 and Decemb@08%, 37 centers collected and recorded continands
systematic relevant data on children undergoing H®C SCID and other PID, gathered on the base of
guestionnaire built up and validated by the Europ&@rking Party. Each center was responsible dadity
control of its own data, collated by data managetke largest centers. Previous definitions of[3Gt non-
SCID PID, as recently published by the Internatidsi@ion of Immunological Societies [12], were uded
consistency [7]. Data were transmitted to the Dipant of Biostatistics, Hopital Necker Enfants M#ida,
Paris. Three time periods have been examined; §8-as a historical period, 1995-1999 and 2000-20086
most recent time period was analysed as a didtmetinterval as many innovations in HSCT were gein

introduced as noted above.

Donor and recipient HLA-matching was determinedésology for the earlier patients and low resolutitass
| with high resolution class Il molecular DNA tygimn more recent patients — methods were depermheaach
center’s practise. Geno-identical donors were @efims HLA-identical sibling donors, pheno-identidahors
as HLA-identical non-sibling family donors. Unreddtdonors were mainly HLA-matched, although somewe
mismatched at one or two antigens. T lymphocytdatiem was performed by a number of different metho
including E-rosetting with or without soybean adglation, and in-vitro Campath 1M antibody with
complement. Since the late 1990s, CD34+ positemstell selection rather than T lymphocyte depletias
used [9]. If given, cytoreductive chemotherapy graft versus host disease (GvHD) prophylaxis (cytwine
or tacrolimus) was given in accordance with the HBESID Inborn Errors Working Party treatment
guidelines current at time of transplantation. Bitgachemotherapy consisted of Busulphan-containing
regimens; other chemotherapy without busulpharGATampath or OKT3 only, or no chemotherapy.
Precautions to reduce the risk of infection wergeldeon reverse isolation, including gnotobiotidason,
although the exact mechanism employed was cenpendent.

Statistical analysis:

All records available by December 31, 2005, wetaimed for analysis. Engraftment was evaluatedaiepts
8



alive one month after HSCT. Survival times stafteth date of last HSCT. A center effect was explo@nd
analyses were adjusted for a center effect in thiivariate analysis, comparing centers that tréargpd more

or less than 50 patients. Differences in observistriloutions were analysed using the Chi-square. tes
Cumulative survival was estimated with the produntt method. The log-rank test was used to compare
survival between different groups. A Cox proportibhazard model with stepwise forward selectioncess
was retained to evaluate impact of independent igoed (demographics, comorbidity, transplant
characteristics and therapeutics before HSCT) tiergasurvival. Hazard ratios (HR) were providedhatheir
95% confidence interval. The SCETIDE database vea®ldped using Access software (Microsidfccess
2000). Statistical analyses were performed usiegSAS system for Windows (SAS Institute Inc, CaNg),

and R software for multivariate analyses, usingMzland "Survival” libraries.



Results

Severe combined immunodeficiency patients

Data on 699 patients with SCID were collected. Detd diagnosis are shown (Table 1); over the whohe
period, 49% had B+ SCID (including T-B+NK- phenatypcommon gamma chain or JAK3 deficiency, and T-
B+NK+ phenotype - IL7 receptor alpha deficiency9%@2had B- SCID (predominantly T-B-NK+ phenotype -
recombinase activating gene (RAG) 1 or 2, or arsesieficiency) and 22% had other forms of SCID,udaig
CD3 subunit deficiency, CD45 deficiency, and ottege molecular defects as well as genetically unddf
defects. The proportions of patients presenting wéch diagnosis was unchanged over time. Mordailade
donors have been used as a proportion of totadptants in successive time periods, reflectingbdistament

of international registries, improved donor selattand harvesting procedures.

Recipient age at transplantation and number ofguhaes undertaken is shown (Supplementary Table E1)
Median age at transplant was slightly lower in 2@005, but not significantly, which may reflectrartd
towards earlier diagnosis and referral, or morédragentification of suitable donors. In 2000-20@5)igher
percentage of patients were transplanted > 18 rsafthge than previous periods, a significant iasee which
may reflect improvements in supportive care or owed molecular diagnosis picking up older patiavith
atypical forms of SCID. Ten year survival in patewith SCID following transplantation has improvecer
time, although there is no difference in the twoshrecent time periods (Table 2, FigurgX 0.0003).
Overall, 10 year survival was better with a siblgeno-identical donor compared to other types obdon
recipient compatibility (Table 2; Figure f4;<0.0001). For pheno-identical donors and URDyisat improved
in the two recent periods, however the numbergppaod were low and the differences did not reach
significance (Supplementary Table E1). Survivahgsa mismatched relative has improved (Supplemgnta
Table E1; Supplementary Figure E1; p=0.005) witttdpesurvival between pre-1995 and 1995-1999 pesriod
There was no significant difference in survivalngsan URD or a mismatched relative in the periodiC2R005
(Supplementary Table E1, Supplementary Figure Edfients transplanted before 6 months of age hiaerbe
overall survival than those transplanted > 12 mewnld (Table 2, Supplementary Figure E2, p=0.0008)
Survival for B+ and other forms of SCID patientmened significantly better than B- SCID (TableF&jure

3; p <0.0001). Pre-existing respiratory impairme&as associated with a worse outcome (Table 2, |0G60).
10



Pre-existing septicemia, liver impairment, meninged@ction, and malnutrition were also associaigith a
worse outcome post-HSCT. The use of chemotherapgittoning did not significantly affect survival
(chemotherapy=280 [61%]; no chemotherapy, n=39%6® =0.53) (supplementary information,
supplementary Tables E2, E3). Multivariate analgeisionstrated that age at transplant, SCID pheaptyp
recipient/donor compatibility, pre-existing resping infection, protected environment, antibiotiophylaxis
and the presence or absence of T lymphocyte depletere significantly associated with outcome (€&l

There was a weaker significance with the presenabsence of septicemia.

Other primary immunodeficiency patients

Data on 783 patients with non-SCID PID were co#ldcDetails of diagnosis, recipient age at tramgptaon,
and the number of procedures undertaken are shbabig 1, Supplementary Table E1). After 1995 the
numbers and proportion of patients with inborn exr@her than Wiskott-Aldrich syndrome increasetiti@ T
lymphocyte deficiencies, 34% had Omenn syndromep@fe nucleoside phosphorylaseficiency, 32%
HLA class Il deficiency, 18% CDA40 ligand deficienagd 10% undefined. The proportion of patients with
CD40 ligand deficiency markedly increased after5L88d the proportion of patients with other inberrors
increased in the latest time period. Of the phatiocgll disorders, the proportion of patients wihkocyte
adhesion deficiency was greater before 1995 aridthzatients with chronic granulomatous diseasehmu
greater in the period 2000-2005. Of the hemophagocgll disorders, 62% had familial lymphohistitagis
(FLH), 16% Chediak-Higashi syndrome, 10% Griscgjindrome and 12% X-linked lymphoproliferative

disease (the proportion of which increased in edi¢he time periods).

The proportion of children > 2 years being transfdd was significantly greater after 1995. The dryirvival
showed a marked improvement in 2000-2005 (Tabkdlre 2; p = 0.0001), an improvement not seehén t
SCID patients. Survival was better with URD thaempdridentical transplants (Table 2; Figure 2; pG001).
Survival in the period 2000-2005 was better witHHD than a mismatched relative donor, in conti@ast
SCID patients (Supplementary Table Blpplementary Figure EFjurthermore, survival using a geno-
identical donor was almost the same as an URDatarke not seen in the SCID group. There was afgignt

improvement over time in survival at 3 years forRansplants (Supplementary Table E1; p = 0.027).
11



Univariate analysis demonstrated that 10 year gakrwas significantly better for patients with Wagte

Aldrich syndrome, phagocytic and hemophagocytiordiers than for patients with T lymphocyte
immunodeficiencies (WAS, n=168 [71%: 64-79%]; phagt, n=92 [63%: 48-83%]; FLH, n=159 [58%: 49-
69]; T deficiency, n=326 [47%: 41-54%]; Figure 2<@.0001), although this difference was not sigairfit
using multivariate analysis.

Pre-transplant presence of malnutrition, pulmomaigction, gut infection, respiratory or liver impaent had
a significant deleterious effect on survival (TaB)eMultivariate analysis showed that donor type-existing
respiratory impairment, or malnutrition and co-toxazole prophylaxis during transplant were strongly

significantly associated with outcome (Table 2).

12



Discussion

This is largest cohort study on the outcome ofgrdasi undergoing HSCT for PID, with the longestdatup.
Whilst the data analysis is complex, the large nemab patients in the database gives sufficienissieal
power to assess outcome trends over different gerfdurvival continues to improve over time.
Transplantation using a geno-identical sibling dammw gives survival of 90% [95% CI : 77-100%] 8€ID
patients and 79% [95% CI 69-89%)] for patients witin-SCID PID — emphasizing how much safer and
successful HSCT has become over time. For selgatents with no pre-existing infection, such awinerns
with SCID, the outcome is even better [13, 14].sldata clearly demonstrates an improved outcoma whe
transplanted before 6 months of age. Newborn sorggmogrammes are likely to facilitate the earilgghosis
of SCID [15], and thus survival can be expectenhtprove in the future. Outcome for patients witnfSCID
PID is almost as good and continues to improved#a on long-term outcome of specific PID from oiadil
and international registries become available [4,8), these data regarding outcome of HSCT fotiqadar
diseases will help inform clinical decisions fottiopal management of these patients. Simple measures
including protected environment and co-trimoxagwlgphylaxis during transplantation remain important
predictors of outcome. Pre-existing lung and lid@mage continue to be associated with a poor owtcam

demonstrated in previous studies [7, 17].

The proportion of HLA-mismatched donor transplgontsSCID has diminished over time, likely in pastthe
increasing use of URD transplants. Umbilical caedrscells, particularly suitable for infant recipis, are
being used for an increasing number of patientsf&h 14 cord blood transplants for SCID reported
SCETIDE and 67 to EUROCORD between 1995 and 24, including geno-identical sibling, and
unrelated donor cord blood transplants. A compagattudy of unrelated cord blood transplantatiorswe
haploidentical related stem cell transplantatianpfatients with severe T-cell deficiencies is isgmration with
the Eurocord database. A greater use of moleaskud typing, and hence more accurate identifinadfdHLA
matching, is likely to have influenced improvedwsual for patients receiving stem cells from URDheT
increased use of non-conditioned transplants irDS&2iltients receiving geno-identical stem cells heayl to a
more rapid increase in T lymphocyte counts thaer a#RD transplantation, and hence faster clearahce

infection. Our data, in contrast to previous rep¢iO] demonstrates that for patients with SCIDU&D
13



appears to have no significant advantage over agluentical or HLA mismatched donor, and may take

significantly longer to assess before stem cellation.

On multivariate analysis, for non-SCID patientgystal is better using an unrelated, rather thaenah
identical, donor. The reasons for this are uncleatr could be center effect. Related pheno-idehtionors are
a mixed group of geno-identical and partially idemtdonors, but as both pheno-identical relatedl wrelated
donor recipients receive ATG, Campath or OKT3 as @laconditioning, these differences are difficiat
explain. The accuracy of HLA typing has improvedrsthat URD are likely to now be a better molectiaA
match than in historic series, thus explaining ioyements over time. Survival is almost equivalenvhen a
geno-identical donor is used, in contra-distinctiorsCID patients, where the outcome using a gdentical
donor is better. In the non-SCID group, an URD theoidentical relatives show a clear advantage ave

haplo-identical donor.

Specific issues arise for different patient groupshe SCID group, after multivariate analysis, 8&€1D
patients have better survival than those with BICE@espite improvements in survival in each groupr
time (data not shown). The effect may be skewed layge number of artemis-deficient patients inBhe
SCID group, a defect associated with poorer out¢quossibly because of the associated generalizkdiace
radiosensitivity, not confined to cells of hematwmic origin. However, RAG-deficient B- SCID alsadia
poorer outcome than B+ SCID [20]. Further explaraiinclude a more hostile micro-thymic environmiant
some SCID phenotypes, because of a later blodkymacyte development, leading to pre-cursor cortipati
in the thymic niche [21], predisposition to devetggnt of autoreactive T cells following engraftmestprgans
that are more susceptible to damage by chemothdesming to more veno-occlusive disease or GvHD, f
instance in adenosine deaminase-deficient SCIDitiadlly, data have not been analyzed with respect
presence or absence of NK cells, in part becauseomplete ascertainment. Some of the results may
therefore be attributable not to presence of B lyagytes, but rather lack of NK cells, which maydax
engraftment over rejection [22]. The lack of impeavent in survival over the last time period iskstig.
Patients with SCID are perhaps more difficult Bmgplant because they are younger at time of tlams@and

often have severe opportunistic infection at diagmoAdditionally, physiologically immature orgaimgluding
14



lungs and liver may be more susceptible to theceffef veno-occlusive disease or GvHD. The presefce
more factors of worse prognosis (e.g. more T-Bathd&+ phenotypes, more mismatched than geno-icknti
donors) in patients of the third period was sougltelp explain an absence of survival improvenbetveen
period 2 and period 3 despite improved diagnostettherapeutic progress. No difference was fouatlrifight

substantiate this hypothesis, although the anatyaislack power to show a difference (data not stjow

Survival is similar following transplantation foCH, whether chemotherapy conditioning is usedair The
role of chemotherapy conditioning in the treatm&r®CID is unclear [23-26]. There is not adequatkaited
data in SCETIDE to comment about the quality of mmm-reconstitution, including production of
immunoglobulin and antibody responses to specifitgin and polysaccharide antigens, associatedtiéth
use or absence of chemotherapy. Increasing evidesmoeother sources suggests that full
immunoreconstitution with long-term T and B lympleogsis requires stem cell engraftment evidenced by
donor myeloid chimerism, at least for some SCIDnahgpes [9, 20, 27-29]. The data from SCETIDE nieed
be interpreted with caution however, as non-coodéd patients are likely to be the most sick, witd-organ
damage, who historically would not have toleratedventional conditioning regimens. Reduced intgnsit
regimens may enable long-term engraftment and inomaoonstution, even in patients with significand-en
organ damage [10]. Whilst reduced intensity chem@thy conditioning is advantageous for patients wit
significant pre-existing organ damage, the plackilbf myeloablative conditioning over reduced imsgy
chemotherapy is undetermined, and further studidsmg-term survival, quality of immunoreconstitnj

long-term effects of GvHD, neuro-developmental outes and fertility need to be addressed.

An increasing range of non-SCID PID conditionsraoes treated by HSCT. Changes in proportion of disea
categories transplanted over time likely reflegpioved diagnosis and better care in early childHeading to
survival in later childhood, so facilitating tramaptation at an older age. Survival is not yet @sdcgas for
SCID patients, perhaps reflecting the perceptian platients need to ‘earn’ the right to transplianmteby
presenting with significant complications or infecis. It is noteworthy that in disease-specifigesgroutcome
is better for younger patients without pre-existomgan damage or infection [17, 30-32]. Overalvswal for

each disease category is improving over time, éutains poor for undefined T lymphocyte
15



immunodeficiencies. This may be because withol¢ar genetic diagnosis, patients are not offere@HSn
contrast to those with a clearly defined clinicatlaenetic PID. Interestingly, survival was befterpatients
transplanted at 12-47 months, rather than <12 8rmdnths of age (data not shown). A possible exgtian is
the inclusion of Omenn syndrome, as well as puningeoside phosphorylase and MHC class Il deficesnc
in the T lymphocyte immunodeficiency category. Thpatients are generally transplanted before 12imsaf
age. Their outcome is poor, possibly explaininguthexpectedly worse outcome in this younger agemno
contra-distinction to SCID patients transplantethatsame age (Supplementary Figure E2). A separate
analysis of the T lymphocyte deficiency categorgvsdd worse outcome for these three diagnoseshand t
generally poor overall outcome for the T immunodeficy group was not skewed by particularly posults
for a specific disease category within the groQupplementary Figure E6) — as previously demorestrist
disease specific series [33, 34]. Beyond a yeaf\&alrimproves, as well patients with no or mininsatjan
damage, are treated. Decrease in survival beyomdofhs may reflect treatment of older sicker pasievith
diseases such as Wiskott-Aldrich syndrome and A46d deficiency who had more infection and engaor
damage. This study did not look at donor chimeriBetailed data regarding mixed and mixed split-teage
chimerism is not available from the current databasit is important as quanitity of donor chimerjsmd the

cell lineages in which it is found may impact oralijty of immune function [35].

Since the first HSCT for PID in 1968, survival letinued to improve and the range of disordersviauch
HSCT is considered is expanding. These data froE8THOE show continuing improvement in survival it al
categories. As survival improves, the long-termligguaf immuno-reconstitution and other life qualissues
become important. Few studies have examined lamg-temuno-reconstitution. Significant long-term
sequelae are now being identified, including thyfaiture in patients without stem cell engraftmgq, 27],
appearance of human papilloma virus warts, predantiy in patients with common gamma chain or JAK3-
deficient SCID [20, 36], and neurocognitive devahgmt in patients post HSCT [37, 38]. It is nowicat to
analyse the long-term outcome for disease-speagifiaps. The SCETIDE database is now large enough to
begin analysis of outcome of HSCT for different@pe genetic defects, for instance RAG- or Artemis
deficient T-B-NK+ SCID, although additional datatbat routinely collected may be required. The rsetage

will be to carefully analyse individual diseaseegfries, so that the prognosis following HSCT far different
16



genetic conditions may be better understood [38htlDued careful data collection is required tangai
complete understanding of the outcome for theseganetic disorders, in order that best treatmamtbe

planned, including the different stem cell thera@ed gene therapy [40].
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Figure 1. Cumulative probability of survival in SCID patients after hematopoietic stem cell
transplantation according to period in which transplanted, donor source (related or unrelated donor)

and HL A matching

Figure 2. Cumulative probability of survival in T-B- or T- B+ SCID patients after hematopoietic stem

cell transplantation through all time periods.

Figure 3. Cumulative probability of survival in non-SCID PID patients after hematopoietic stem cell
transplantation according to period in which transplanted, donor source (related or unrelated donor)

and HL A matching and type of immunodeficiency through all time periods.
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Table 1. Type of immunodeficiency, according to donor origin, HLA matching and year of
gr aft

Table 2. Factors affecting outcome after stem-cell transplantation
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Table 1: Type of immunodeficiency, according to donor origin, HLA matching and year of graft
(N: number of patients, % : percentage)

Related donor
SCID N %  Genotypically Phenotypically HLA Ur&z)erl]itred
HLA identical HLA identical mismatched
yearsof graft < 1995
Total 361 84 33 229 15
Reticular dysgenesis 113% 2 1 7 1
ADA deficiency 42 12% 14 1 25 2
T-B- 105 29% 29 14 60 2
T- B+ 181 50% 34 13 127 7
Other 22 6% 5 4 10 3
yearsof graft [1995-1999]
Total 157 26 21 90 20
Reticular dysgenesis 3 2% 0 3 0
ADA deficiency 15 10% 6 4 2 3
T- B- 46 29% 3 11 25 7
T- B+ 80 51% 11 4 57 8
Other 13 8% 6 2 3 2
year s of graft [2000-02005]
Total 181 25 14 96 46
Reticular dysgenesis 5 3% 0 4 1
ADA deficiency 18 10% 5 1 4 8
T-B- 55 30% 7 5 32 11
T- B+ 84 46% 9 7 52 16
Other 19 11% 4 1 4 10
Non-SCID
yearsof graft <1995
Total 278 103 17 130 28
Wiskott-Aldrich syndrome 8530% 30 3 40 12
T-cell deficiencies
Omenn syndrome 218% 4 2 12 3
PNP deficiency 3 1% 1 1 1 0
HLA class Il deficiency 3613% 13 3 18 2
CD40 ligand deficiency 1 0% 1 0 0 0
Other 41 15% 13 1 25 2
Phagocytic-cell disorders
Agranulocytosis 5 2% 3 0 2 0
Chronic granulomatous disorders 14% 7 0 0 4
Leucocyte adhesion deficiency 19% 6 1 11 1
Haemophagocytic syndromes
Familial lymphohistiocytosis 3312% 14 1 16 2
Chediak-Higashi syndrome 15% 7 4 2 2
XLP (Purtillo) 0 0% 0 0 0 0
Gricelli's disease 2 1% 2 0 0 0
Other 6 2% 2 1 3 0




Table 1: Type of immunodeficiency, according to donor origin, HLA matching and year of graft
(N: number of patients, %: percentage) (continued)

Related donor

Non-SCID N % Genotypically Phenotypically HLA Unrelated donor
HLA identical HLA identical mismatched

yearsof graft [1995-1999]

Total 238 75 25 66 72
Wiskott-Aldrich syndrome 3414% 10 4 8 12
T-cell deficiencies
Omenn syndrome 240% 6 1 12 5
PNP deficiency 1 0% 1 0 0 0
HLA class Il deficiency 177% 4 7 5 1
CD40 ligand deficiency 188% 4 0 0 14
Other 6527% 20 6 18 21
Phagocytic-cell disorders
Agranulocytosis 0 0% 0 0 0 0
Chronic granulomatous disorders 9 4% 9 0 0 0
Leucocyte adhesion deficiency 8 3% 3 1 4 0
Other 6 3% 3 1 1 1
Haemophagocytic syndromes
Familial lymphohistiocytosis 334% 6 3 15 9
Chediak-Higashi syndrome 5 2% 3 0 0 2
XLP (Purtillo) 4 2% 2 0 0 2
Gricelli's disease 6 3% 2 1 2 1
Other 8 3% 2 1 1 4
year s of graft [2000-2005]
Total 267 73 23 47 124
Wiskott-Aldrich syndrome 4918% 8 3 3 35
T-cell deficiencies
Omenn syndrome 2B% 3 4 9 4
PNP deficiency 7 3% 0 2 2 3
HLA class Il deficiency 9 3% 2 0 5 2
CD40 ligand deficiency 176% 5 0 1 11
Other 46 17% 15 2 7 22
Phagocytic-cell disorders
Agranulocytosis 5 2% 0 0 0 5
Chronic granulomatous disorders 2% 13 0 0 8
Leucocyte adhesion deficiency 7 3% 4 0 3 0
Other 1 0% 0 0 0
Haemophagocytic syndromes
Familial lymphohistiocytosis 332% 8 4 9 12
Chediak-Higashi syndrome 6 2% 1 2 1 2
XLP (Purtillo) 15 6% 1 0 5 9
Gricelli's disease 7 3% 3 2 0 2
Other 24 9% 9 4 2 9




Table 2: Factors affecting outcome after stem-cell transplantation

Univariate analysis

Multivariate analysis

SCID Patients Deaths ;)O(ggg/;n\gj) H?g,;f (r:?;lo
Y ears of graft

2000-2005 181 41 71 (63-80) 0.0003 1

1995-1999 157 40 70 (63-79) 1.0 (0.6-1.7) 0.97

<1995 361 153 56 (51-62) 1.5(1.0-2.2) 0.06
Age at transplantation

<6 months 289 79 68 (62-74) 0.0008 1

6-11 months 253 92 59 (53-67) 1.3(0.9-19) 101

>12 months 145 61 51 (42-61) 2.4 (1.6-3.5) €01
SCID phenotype

B+ 345 92 70 (64-76)  <0.0001 1

B- 300 128 51 (45-58) 2.2 (1.6-2.9) <0.0001

Other 54 14 71 (58-87) 1.2 (0.7-2.2) 0.55
Recipient/donor compatibility

Related genotypically identical 135 20 84 (77-91<0.0001 1

Related phenotypically identical 68 18 64 (52-80 2.6 (1.3-5.3) 0.009

Unrelated donor 81 23 66 (55-79) 4.1 (2.1-8.1p.0001

Related HLA mismatched 415 173 54 (48-60) 8.8-17.2) <0.0001
Respiratory Impair ment

No 379 123 63 (58-69) 0.006 1

Yes 247 102 55 (48-62) 1.6 (1.2-2.2) 0.002
Septicaemia

No 563 197 61 (56-65) 0.003 1

Yes 53 27 46 (33-63) 1.8 (1.1-2.8) 0.013
Viral infection

No 432 144 63 (58-68) 0.002 1

Yes 191 81 52 (45-61) 1.4 (1.0-1.9) 0.041
T-cell depletion

Yes 422 160 57 (52-63) 0.011 1

No 266 71 69 (63-76) 2.0 (1.3-3.3) 0.004
Protected environment

Yes 613 199 63 (59-67) 0.004 1

No 55 26 50 (37-66) 2.0 (1.2-3.2) 0.005
Prophylaxis?

Yes 503 173 62 (57-67) 0.021 1

No 88 40 54 (44-66) 1.9(1.3-2.8) 0.0007




Table 2: Factors affecting outcome after stem-cell transplantation (continued)

Univariate analysis

Multivariate analysis

Non SCID Patients Deaths ;)Oégg/;n\g]) H?g,;f (r:?;lo
Years of graft

2000-2005 267 65 69 (60-78) 0.0001 1

1995-1999 238 93 58 (51-85) 1.7 (1.2-2.5) 0.005

<1995 278 126 54 (49-61) 1.4 (1.0-2.0) 0.09
Recipient/donor compatibility

Related genotypically identical 251 63 71 (69-78<0.0001 1

Related phenotypically identical 65 24 57 (45-72 19(1.1-3.2) 0.021

Unrelated donor 224 63 63 (54-74) 1.2 (0.8-1.9)0.29

Related HLA mismatched 243 134 39 (32-47) 2.23.3) <0.0001
Respiratory Impair ment

No 522 176 61 (56-67) <0.0001 1

Yes 150 76 43 (34-53) 15 (1.1-2.1) 0.012
Malnutrition

No 562 187 62 (57-67) 0.0004 1

Yes 145 74 44 (35-54) 1.5 (1.1-2.0) 0.017
Prophylaxis’

Yes 590 204 60 (56-65) <0.0001 1

No 91 55 33 (23-48) 2.4 (1.7-3.3) <0.0001

! 5-Survival is given?: trimethoprim-sulfamethoxazol&; 4-Survival.
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Effect of conditioning on outcome.

Conditioning was performed in accordance with glimgs current at time of transplantation.
A complementary analysis is presented considehaddonditioning” variable composed of
4 classes: no conditioning, busulfan containingeothemotherapy without busulfan, and
ATG, Campath or OKT3 only (supplementary Table E8hilst 42% of SCID patients did

not receive conditioning, only 5% of non SCID PIl&tipnts were not conditioned. The
outcome using busulfan was no better than not gigonditioning, although close to
statistical significance (HR: 1.4; 95% CI [1.0-2P30.05). This result was expected since
recipients receiving stem cells from geno-identamhors as well as those with T-B+ PID did
not often receive conditioning.

The outcome using busulfan appeared better thaug usin-busulfan regimens (HR: 2.1; 95%
Cl1[1.3-3.3] P=0.002) (supplementary Table E3). dh&come using busulfan did not appear
better than using ATG, Campath or OKT3 alone (HR; 25% CI [0.5-2.3] p =NS), although
the number of patients who received ATG, Campat@ki 3 alone was limited (n=29).

In Non-SCID PID patients survival following tranaptation using busulfan conditioning was
not statistically different to using no conditiogjrother chemotherapy, or ATGampath or

OKT3 alone.



Supplementary Figure E1. Cumulative probability of survival in SCID patients after
hematopoietic stem cell transplantation according to year at graftingin HLA

mismatched SCID

Supplementary Figure E2. Cumulative probability of survival in SCID patients after
hematopoietic stem cell transplantation according to age at transplantation through all

time periods

Supplementary Figure E3. Cumulative probability of survival in SCID patients after
hematopoietic stem cell transplantation according to donor source (related or unrelated
donor) and HL A matching for the period 2000-2005

Supplementary Figure E4. Cumulative probability of survival in non-SCID PID patients
after hematopoietic stem cell transplantation according to donor source (related or

unrelated donor) and HL A matching for the period 2000-2005

Supplementary Figure E5. Cumulative probability of survival in non-SCID PID patients
after hematopoietic stem cell transplantation according to type of T cell deficiency for

the period 1995-2005.



Supplementary Table E1: Clinical characteristics of patients according to year of graft

Related donor
SCID Genotypically Phenotypically ~ HLA Ur&z)erl]itred
HLA identical HLA identical mismatched
yearsof graft <1995
Total 84 33 229 15
More than one stem-cell transplantation 8 3 43 4
Median age at transplantation (months) 5.8 6.2 7.2 13.1
<6 46 15 87 2
6-11 20 17 98 2
12-18 8 0 27 6
>18 8 1 15 5
Year of transplantation
1968-85 34 14 57 4
1986-90 27 11 89 0
1991-94 23 8 83 11
Conditioning 20 12 160* 11
Median (range) follow-up (years) 8.8 (0.5-27.8).6 (0.5-32.6) 9.3 (0.5-22.8)9 (5.3-12.8)
3-year Survival % (95% ClI) 81 (73-90) 57 (41-78) 49 (43-56) 53 (33-86)
yearsof graft [1995-1999]
Total 26 21 90 20
More than one stem-cell transplantation 3 2 17 2
Median age at transplantation (months) 6.6 4.5 6.9 10.1
<6 12 11 34 6
6-11 6 4 40 8
12-18 5 2 6 2
>18 2 3 8 3
Conditioning 7 2 63 15
Median (range) follow-up (years) 2.0(0.4-9.6) @%1-6.2) 4.5(0.2-10.8).1 (0.9-10.4)
3-year Survival % (95% ClI) 84 (69-100) 80(62-100) 69 (60-79) 68 (48-97)
year s of graft [2000-2005]
Total 25 14 96 46
More than one stem-cell transplantation 0 2 23 5
Median age at transplantation (months) 4.9 4.2 7.5 9.5
<6 16 9 33 18
6-11 5 2 41 10
12-18 2 0 6 7
>18 2 3 13 11
Conditioning 3 4 78* 37
Median (range) follow-up (years) 1.0(0.5-2.1) (@©2-4.9) 1.4(0.2-5.0)1.8 (0.2-5.4)
3-year Survival % (95% ClI) 90 (77-100)  83(58-100) 66 (55-78) 69 (54-89)

* Missing data for one patient of this group.



Supplementary Table E1: Clinical characteristics of patientsaccording to year of graft
(continued)

Related donor

Non-SCID Gen(li[yLﬂca”yPhenqtypicglly ' HLA Ur&ﬁﬁied
identical HLA identical mismatched
yearsof graft <1995
Total 103 17 130 28
More than one stem-cell transplantation 8 2 21 1
Median age at transplantatigmonths) 30.6 21.9 17.7 34.4
<12 months 29 6 42 5
12-23 months 16 3 38 8
2-3 years 19 4 27 8
>4 years 39 4 22 7
Year of transplantation
1968-85 31 6 21 4
1986-90 32 6 57 3
1991-94 40 5 52 21
Conditioning 96* 16 128 28
Median (range) follow-up (years) 8.6 (0.5-18.6)5 (0.5-14.6) 8.7 (0.1-16.69.1 (0.5-13.9)
3-year Survival % (95% ClI) 72 (63-81) 46 (27-78) 41 (33-51) 66 (50-87)
yearsof graft [1995-1999]
Total 75 25 66 72
More than one stem-cell transplantation 1 6 15 4
Median age at transplantatigmonths) 50.5 19.2 18.2 50.1
<12 months 19 4 22 10
12-23 months 4 10 18 14
2-3 years 13 3 10 11
>4 years 39 8 13 37
Conditioning 70* 25 63 70
Median (range) follow-up (years) 2.7 (0.2-10.9.8 (0.2-5.5) 2.6 (0.2-10.43.8 (0.1-11.2)
3-year Survival % (95% ClI) 71 (60-83) 53(36-78)  41(30-57) 60 (49-73)
year s of graft [2000-2005]
Total 73 23 47 124
More than one stem-cell transplantation 6 4 14 17
Median age at transplantatigmonths) 38.5 24.2 19.7 36.5
<12 months 19 8 19 23
12-23 months 6 3 9 25
2-3 years 16 8 9 23
>4 years 31 4 10 52
Conditioning 67* 21 43 113
Median (range) follow-up (years) 1.5(0.0-5.0) @03-3.9) 2.3(0.4-5.0) 1.4 (0.2-5.0)
3-year Survival % (95% ClI) 79 (69-89) 76 (57-100) 55 (42-72) 79 (71-87)

* Missing data for one patient of this group.



Supplementary Table E2. Type of conditioning according to year of transplantation and diagnosis: SCID (1968-2005, N=699).

No Conditioning Busulphan contain. Other ATG, Campath or Other Conditioning or Stat
(n= 285) (n=297) chemtzther apy OK'ES only rl.a.
(n=69) (n=29) (n=19)

<1995 55.09 % 4411 % 50.72 % 68.97 % 100% Fisher
1995-1999 24.56 % 24.58 % 15.94 % 10.34 % 0% 0.00001
2000-2005 20.35 % 31.31% 33.33% 20.69 % 0%
Reticular Dysgenesis 0.7 % 3.37 % 29% 3.37 % 13.79 % Fisher
ADA deficiency 14.74 % 5.39 % 7.25% 5.39 % 13.79 % 0.00001
T-B- 30.88 % 29.63 % 30.43 % 29.63 % 10.34 %
T-B+ 49.82 % 53.87 % 39.13 % 53.87 % 48.28 %
Other 3.86 % 7.74 % 20.29 % 7.74 % 13.79 %
Geno ident. 36.84 % 5.05 % 11.59 % 13.79 % 17.65 % Fisher
Pheno ident. 17.54 % 2.69 % 7.25 % 6.9 % 17.65 % 0.00001
URD 6.32 % 14.14 % 24.64 % 13.79 % 0%
Mismatch 39.3 % 78.11 % 56.52 % 65.52 % 64.71 %

Supplementary Table E2 (Continued). Type of conditioning according to year of transplantation and diagnosis: Non SCID (1968-2005,

N=783).

Con(z:izozci)l)wg no Busul (pnh:azgcgc;ntai n. | Other (Cr?:eTfftS)her apy AT%KC.%T] (?na;lyh or | Other Srogfj;.tioning Stat

(n=55) (73)

<1995 22.5% 23.85 % 29.31 % 81.82 % 100% X
1995-1999 225 % 3747 % 31.03 % 9.09 % 0% <0.00001
2000-2005 55% 38.68 % 39.66 % 9.09 % 0%
Geno 37.5% 31.46 % 25% 10.91 % 58.57 % Fisher
Pheno 7.5 % 9.22 % 4.31% 7.27 % 10% <0.00001
Mud 325% 31.66 % 4224 % 727 % 0%
Mismatch 225 % 27.66 % 28.45 % 74.55 % 31.43%




Supplementary Table E3. Outcome of transplantation according to type of conditioning

regimen used for SCID and non-SCID PID patients.

Variables: SCID HR* 95% CI* p*

Conditioning : no conditioning vs busulfan 1.4 2.0- 0.05
other chemotherapy vs bfasul 2.1 1.3-3.3 0.002
ATG, Campath or OKT3 onbybusulfan 1.1 0.5-2.3 0.84

Variables: Non-SCID PID

Conditioning : no conditioning vs busulfan 1.4 Q.7- 0.29
other chemotherapy vs biasul 1.4 0.9-2.0 0.12
ATG, Campath or OKT3 onlytussulfan 1.3 0.8-2.0 0.33

*Cox proportional hazard model: HR hazard ratio 95fidence interval



1.0

o
)

Proportion surviving

0.2

Months
Number at risk
1968-1994
1995-1999
2000-2005

"""""" 199521999

-
T T T T968-1994”

p=0.005
0 12 24 36 60 120

Time after transplantation (months)

0 6 12 24 36 60 120
229 144 113 101 96 86 45
90 65 57 49 43 23 1
96 50 37 25 15 2 0



1.0

0.8
on
g
5
z 0.6
2
=
ke 12-238 months
5 04
o
<]
A~
0.2 {p=0.0008
0
0 12 24 36 60 120
Time after transplantation (months)
Months 0 6 12 24 36 60 120
Number at risk
0-5 months 289 210 158 135 118 92 47
6—11 months 253 170 134 110 94 70 32
12-238 months 145 80 56 48 40 28 12



Proportion surviving

0.4
0.2
0
Months
Number at risk
RGI
RPI
URD

MMR

{ p=0.09
0 12 24 36 60
Time after transplantation (months)

0 6 12 24 36 60
25 22 12 6 3 0
4 9 7 2 1 0
46 30 18 16 7 2
96 50 37 25 15 2



o
o

o
IS

Proportion surviving

0.2

Months
Number at risk
RGI

RPI

URD

MMR

URD
RGI
- '-|.
..
i MMR
4 p=0.016
0 12 24 36 60
Time after transplantation (months)
0 6 12 24 36 60
73 55 37 20 13 0
23 14 8 5 2 0
124 88 60 41 21 0
47 28 18 13 8 0



1.0

0.8
on
g
5
z 0.6
2
=
8
é 0.4 HILA “class 1I deficiency
<]
A~
0.2 4 p=0.07
0
0 12 24 36 60 120
Time after transplantation (months)
Months 0 6 12 24 36 60 120
Number at risk
Omenn 26 19 11 9 3 0
syndrome
PNP deficiency 8 5 4 2 1 1 0
HLAclassI 26 11 10 8 4 1 1
deficiency
CD40ligand 35 21 17 11 4 3 0
deficiency donor
Other 111 60 45 28 24 10 0



