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Capsulesummary
Aggressive mature B-cell LPD can occur in WAS asXidl' pediatric and adult
patients. Immunochemotherapy is applicable to alASAKLT patients, while

transplantation still remains controversial for lgatients.
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alloSCT
CNS
CR
DLBCL
CHOP
EBV
EBER
GCB
GVHD
IQR
KS
PTLD-like
LPL
LPD
PR
PID
PD
SRT
SD
WASP
WAS
XLT

allogeneic stem cell transplantation

central nervous system

complete response

diffuse large B-cell lymphoma

doxorubicin, cyclophosphamide, vincristinedgisone
Epstein-Barr virus

Epstein-Barr virus-encoded RNA

germinal center B-cell

graft-versus-host disease

interquartile range

Kaposi's sarcoma

LPD with histological features analogdospost-transplant LPD
lymphoplasmacytic nhon-Hodgkin lymphoma
lymphoproliferative disease

partial response

primary immune deficiency

progressive disease

severe refractory thrombocytopenia

stable disease

Wiskott-Aldrich protein

Wiskott-Aldrich syndrome

X-linked thrombocytopenia
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To the Editor

Wiskott-Aldrich syndrome (WAS) is a rare X-linkedimpary immune deficiency
(PID) caused by mutations in theNVAS gene. The clinical triad of
microthrombocytopenia, eczema and immunodeficietefines the classical WAS
phenotype, whereas the so-called “attenuated foX¥linked thrombocytopenia
(XLT) manifests with thrombocytopenia alone with without mild eczema. An
increased risk of lymphoproliferative disease (LRDWAS/XLT has been described
as early as 1981and confers a poor prognosis to patientsHowever, the precise
incidence of LPD in WAS remains unknown.

Through a retrospective study within the natioregistry of the CEREDIH,

the French National Reference Center for PEDpplementary data), we identified

13 WAS/XLT patients who developed LPD before allogje stem cell
transplantation (alloSCT) among the 189 WAS anKi® patients treated between
1988 and October 2017. Considering that WAS/XLTigmas were at risk before
undergoing alloSCT, crude rate and incidence m@itioPD in untransplanted patients
were 8.4% and 511 per 1xX1patient-years [95%Cl 272 — 873] respectively, kigh
than in the general population (7.5 per IXIatient-years [95%Cl 7.1 — 7.8],
p<0.001). Crude rates (4.3% [95%CI, 0.5 — 14] far XLT cohort and 5.8% [95%Cl,
2.9 —10.2] for the WAS cohort) and incidence rg884 [95%CI 40 — 1200] and 531
per 1x10 patient-years [95%CI 265 — 943], respectively)L&D were similar in
XLT and WAS patients. The cumulative incidence #was 1.9% at age 10 and
9.9% at age 30 as shown by competing risk analpdisr age 40, the risk of LPD
persists in untransplanted WAS/XLT patients as $esaoccurred at age 43.2, 50.3
and 50.6 Eigure A). The median age at diagnosis of WAS/XLT was simitathe

entire cohort and in the subgroup of patients wheetbped LPD (1 year [IQR 0 —
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3]). Among the 13 patients who developed LPD, tvayevpreviously diagnosed with
XLT. WAS scores prior to LPD onset were 3 (n=2)(r4&3), 5 (n=5) and 5-SRT
(n=1). Four patients with a score 5 had autoimmayi®penia and 2 developed
Kaposi's sarcoma (KS). In contrast, no patientsewdiagnosed with KS in the
WAS/XLT patients without LPD. Four patients had e@ed immunosuppressive
therapy, all prior to the diagnosis of LPD. Nindigats were under immunoglobulin

replacement therapy and 6 had been splenectomBagblementary Table 1).

Genetic diagnosis of WAS/XLT was available for l®@&tients (83%), including 10
who developed LPD. Five splice-site mutations, hsamse mutation, 1 missense
mutation, 2 insertions and 1 deletion were idegdifiEigure B). All these mutations,
except the missense mutation, are predictive oéveere WAS phenotype. Patients
with LPD were less likely to have missense mutatidiman patients without LPD
(10% vs 60.3% respectively, p=0.002). WASP expression weasluated by
immunohistochemistry on tumor samples of 11 padiemh six samples, WASP
expression was absent in both T and B cells. Irbthemaining patients, WASP was
expressed on T cells of the microenvironment big megative on tumor large B cells

(Eigure C and Supplementary Table 2), suggesting the presence of revertant T

cells. We were able to further assess the WASPessmn by flow cytometry and
western blot in one of them, patient 10, that wenfbbimodal. These results suggest
that a corrective mutation has occurred in T cadigpnitors and that revertant CD8

T cells preferentially expanded in the bone mar(@uwpplementary Fig. 1). The

main characteristics of LPD in WAS/XLT patients alescribed in theable. The
median age at diagnosis of LPD was 22 years [I@R-624.7). All LPD except two
presented as disseminated disease, mostly withratenervous system (CNS)

involvement in 6/13 patients (46%). Twelve casesewevaluable for centralized
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pathology review and were classified accordinghte 2016 revised edition of the
WHO classification of lymphoid neoplasfnsSix cases were classified as diffuse
large B-cell lymphomas (DLBCL) (four of non-germingenter B-cells (GCB) and
two of GCB phenotype). Age-of-onset of DLBCL patemanged from 22 to 50
years. Five cases were classified as LPD with logical features analogous to post-
transplant LPD (PTLD-like). These PTLD-like casesr&w monomorphic in three
cases and polymorphic in two cas€&sg(re C). Age-of-onset of PTLD-like cases
ranged from 2 to 6 years, except one patient disgph@at the age of 50. One case
diagnosed at age 44 was classified as an IgG-assdclymphoplasmacytic non-
Hodgkin lymphoma (LPL) lackindMYD88 mutation. One case diagnosed in 1988
could not be reviewed and was considered as amssified B-cell lymphoma based
on pathology report. Epstein Barr-virus (EBV) détat, as defined by the EBV-
encoded RNA (EBER) positivity in tumor cells, wassjiive in 8 casesl(able).
One patient, diagnosed post-mortem with a CNS B4gehphoma, was

untreated and died of lymphom@upplementary Fig. 2). Two patients with EBV-

associated LPD only received anti-CD20 monoclondlbady leading to disease
progression and death for one and to complete nsgp(€CR) in the other patient. Ten
patients received intensive chemotherapy, combuvigdrituximab for eight of them.
No unexpected toxicity was recorded. Six of themmeced a CR, and two achieved a
stable disease (SD). Two patients progressed aapheand died of disease. One
patient in SD received methotrexate and cytaratuih@ved by an autologous SCT as
salvage therapy and achieved a CR. He is alivenstidL 6.3 years after the diagnosis
of LPD. Five patients, four of whom were in CR aode in SD, underwent an
alloSCT. Two patients died of transplant relateddity and three are alive and well

24, 73 and 115 months after alloSCT. One patietdpsed 4 months after
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transplantation and is alive in CR after salvagenobt-radiotherapy. No post-
transplant lymphoproliferative disease occurredsthighlighting the protective role
of alloSCT. Among the 8 non-transplanted patierfteyr of them were not

transplanted because of PD. Four adult patient® hdd achieved CR, were not
transplanted because of their advanced age (4dn®mand over 50 years for two) or
lack of matched donor. These patients are aliveveglti29, 44, 70 and 196 months

after the end of treatment for LPDdble and Supplementary Fiqg. 2). In total, 7/13

patients are alive in continuous CR 24 to 196 meafter the diagnosis of LPD, three
of whom after alloSCT. The estimated 12- and 244m®rsurvival rates after the

diagnosis of LPD were 67.1% and 42% respectivBlyppplementary Fig. 3). Thirty-

eight percent (5/13) of WAS/XLT patients with LPB.\89% (87/222) without LPD

received an alloSCTS(pplementary Table 3).

Overall, our findings suggest that older untransigd WAS, as well as XLT
patients, remain at risk for aggressive mature B-cell LHBe percentage of LPD is
indeed similar irrespective of the degree of seyeaf the immune deficiency,
emphasizing that the distinction between XLT and $VAnight therefore be
irrelevant. A high frequency of mutations leadingWWASP defective expression was
observed. However, in half of the patients, thealidant WASP expression between
T lymphocytes and large tumor B cells, suggestsrthaertant T cells cannot, at least
in some cases, prevent occurrence of LREtensive immunochemotherapy was well
tolerated and patients who reach a CR may havengrtBrm survival. Despite the
retrospective nature of this study, survival appdaigher than the poor outcomes
previously reported for WAS patients with LPTP, which may reflect the wider use
of rituximab and intensive chemotherapy in oureserirhe occurrence of malignancy

is usually considered an indication for alloSCNlevertheless four patients diagnosed



158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

after age 40 are alive in continuous CR withoubSCT. AlloSCT seems justified
whenever feasible in young patients, but shouldveghed against transplantation
risks in older patients Prospective studies are unrealistic for suchre disease, but
collaborative observational trials would be helptal set optimized therapeutic
approach.
For detailed methods, please see the Methods sedtiothe Online
Repository.
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229 Table: WASgene mutation types, clinical manifestations of $YALT syndrome,
230 LPD characteristics and outcome in WAS/XLT patients
Patient | WAS/XLT | Score WAS WASP Age Extranodal Histologic Allo | Overall outcome,
clinical mutation | expressio at manifestatio subtype - age at last follow-
manifestatio type nby IHC | onset ns SCT | up (cause of death)
ns of
LPD
()
1 KS 5 Nonsense Neg 4 CNS, Lung B-cell PTLDNo Died, 5y
like, EBV+ (progressive LPD)
2 AIHA 5 NA Discorda 22 CNS DLBCL non | MU | Died, 23y (sepsis)
nt (pos GCB type, D
LT, neg EBV-
LB)
3 Al 5 Missplicin Neg 22 Bone (knee) DLBCL GCB MU | A/W, 24y
pancytopeni g type, EBV- D
a
4 Infections 3 Missplicin| Discorda | 24 Lung, bone DLBCL non | No Died, 25y
g nt (pos GCB type, (progressive LPD)
LT, neg EBV-
LB)
5 KS, AIHA 5 Deletion Neg 2 CNS B-cell PTLD4 Hapl | A/W, 12y
like, EBV+ 0
6 Life- 4 Missplicin Neg 6 CNS, lung B-cell PTLD-| No Died, 8y
threatening g like, EBV+ (progressive LPD)
infections
7 Life- 4 NA NA 14 CNS Unclassified | No Died, 15y
threatening B-cell LPD (progressive LPD)
infections
8 AIHA 5 NA Neg 4 Digestive B-cell PTLD- | MU | Died, 12 y (Chronic
tract like, EBV+ D GVHD)
9 Life- 4 Insertion Discorda] 50 CNS B-cell PTLD- | No AW, 55y
threatening nt (pos like, EBV+
infections LT, neg
LB)
10 Thrombocyt 1 Missplicin Pos 50 Bone Marrow| DLBCL non | No A/W, 53y
openia g CD8+T GCB type,
cells EBV+
(Suppl
Fig. 1)
11 SRT 5- Insertion Discorda| 22 No DLBCL GCB | MM | Alive, 23 y (GVHD)
SRT nt (pos type, EBV- ub
LT, neg
LB)
12 Infections 3 Missplicin| Discorda | 43 No Lymphoplasm No AW, 44 y
g nt (pos acytic
LT, neg lymphoma,
LB) EBV+
13 Thrombocyt 1 Missense Neg 27 No DLBCL, nonl No AW, 44 y
openia GCB type,
EBV+

11
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238

WAS: Wiskott-Aldrich syndrome; XLT: X-linked-throndzytopenia; LPD: lymphoproliferative
disease; NA: not available; KS: Kaposi's sarcomij& autoimmune hemolytic anemia; SRT: severe
refractory thrombocytopenia; CNS: central nervoystem; PTLD-like: LPD with features analogous
to post transplant LPD; EBV: Epstein-Barr virus; BCL: diffuse large B-cell lymphoma; GCB: of
germinal center B-cell origin; MUD: matched unreldt donor; haplo: haplotype-mismatched
(haploidentical) related donors; MMUD: mismatchettalated donor; A/W: alive and well; GVHD:
graft versus host disease; WASP: Wiskott-Aldrichdspyme protein; IHC: immunohistochemistry; LT:
T lymphocytes; LB: B lymphocytes; Neg: negative; sPo positive.
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FIGURE LEGEND

A: Cumulative incidence of lymphoma, transplantatimmd death unrelated to
lymphoma or transplantation, as competing risk iIASKXLT patients. Lymphoma
indicates lymphoproliferative disease; transplaotaindicates allogeneic stem-cell
transplantation.

B: Schematic representation of WASgene and protein domain. The 12 exons are
colored. Lines between colored exons represenpnirregions. The untranslated
regions of the firsts and last regions are showmlatk. The domain structure of
WASP is shown below the respective exons. Typeslacalizations of mutations
identified in WAS/XLT patients who developed a LRBE® indicated.

C: Diagnosis of lymphoproliferative disease on bio@syd WASP expressiora.
DLBCL type LPD: effacement of architecture by afuake infiltrate of large
neoplastic cells (a, HES x400). Tumor cells do expiress EBV-encoded RNA.
Polymorphic LPD with histological features analogoto post-transplant LPD:
effacement of architecture by a polymorphic infiter (b, HES x400). Tumor cells
express EBV-encoded RNA (EBER, x400)In five samples, WASP expression was
absent in both T and B cells (). In the 5 remaining patients, WASP was expressed
on normal small T cells of the microenvironment tuats negative on tumor large B

cells (d).
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Lymphoproliferative Disease in Wiskott-Aldrich Syndrome. Analysis of the French

Registry of Primary Immunodeficiencies

SUPPLEMENTAL DATA

Description of the French National Reference Center for Primary mmune Deficiencies
(CEREDIH) Registry

The French National Reference Center for Primargnime Deficiencies (CEREDIH) is a
national network of academic centers in metropoliE@ance. The CEREDIH registry is
population based, and its methodology has beerridedc(The French national registry of
primary immunodeficiency diseaseSlin. Immunol. 2010;135(2):264—-272). Patients were
enrolled retrospectively and prospectively. Data eollected by annual on-site visits by
CEREDIH members. Collected information includes agh@thers, demographics, date of
clinical and molecular diagnosis, date of diseaseband occurrence of malignancies.

SUPPLEMENTARY TABLES

Supplementary table 1: Clinical manifestations of patients with WAS/XLT thi
lymphoproliferative disease, ranked according &rtheverity score

N patients - . . Median age Treatment received
Score (n=13) Clinical manifestations at LPD (y) before L PD
AIHA (n=4) CYC-MTX-TPO
YA agonist Rituximab —
5 6 Kaposi (n=2) 13 hioDri
SRT (n=1) Azathioprine
Docetaxel — CTC
4 3 Life-threatening infections (n=3) 14
3 2 Infections (n=2) 34
2 0 - -
1 2 Micro-thombocytopenia 39

AIHA: autoimmune hemolytic anemia; SRT: severe aetiory thrombocytopenia; LPD: lymphoproliferative
disease; CYC: cyclophosphamide; TPO: thrombopqi€¥C: corticosteroids



Supplementary table 2: WAS gene mutations and WASP protein expression by

immunohistochemistry on lymphoma biopsies amongtteents with WAS/XLT who
developed a lymphoproliferative disease.

Patients WAS mutation Type Expected WASP WASP expression by
expression IHC
Nonsense
1 Exon 7 c.607C>T (p.GIn203 Stop R?rﬂl#(::g(tjeznd Neg
Q203X)
Discordant
2 NA NA NA (posLT, neg LB)
3 Intron 8 ¢.777+5 G>Q ?g'eslsg'('g'n”g) Neg Neg
Missplicing Discor dant
4 Intron 8 c.777+1 G>A (del exon 8) Neg (posLT, neg LB)
5 Exon 4 ¢.395_ 400 Del in frame Unknown N
del6 (p.Asp132_Glu133 €9
6 Intron 2 ¢.274-1 G>A ?g:aslsg('g'nng) Neg Neg
7 NA NA NA NA
8 NA NA NA Neg
Insertion frameshift Reduced and Discordant
° Exon 10 ¢.1001dupG (Stop aa 335) truncated (posLT, neg LB)
Missplicing Reduced and PosCD8+ T cells
10 Exon 11 ¢.1453 G>A (del exon 11) truncated (Cf Suppl Fig. 1)
Insertion frameshift Reduced and Discordant
11 Exon 11 ¢.1447dupT (Stop aa 494) truncated (posLT, neg LB)
Missplicing (fs stop Discor dant
12 Intron 6 ¢.559+5 G>A aa 190/normal) Reduced (posLT, ney LB)
. Heterogeneous
13 Exon 2 ¢.223G>A Missense (Normal to negative), Neg

WAS: Wiskott-Aldrich syndrome gene; WASP: Wiskott-Alclt syndrome protein; NA: not available; IHC:

immunohistochemistry; LT: T lymphocytes; LB: B lyimpcytes; Neg: negative.

Supplementary table 3: Contingency table of patients with WAS/XLT with waithout

lymphoproliferative disease according to allogermmatopoietic stem cell transplantation

No LPD LPD Total
No alloSCT 135 8 143
AlloSCT 87 5 92
Total 222 13 235

LPD: lymphoproliferative disease; alloSCT: allogenegematopoietic stem-cell transplantation.




SUPPLEMENTARY FIGURES

Supplementary figure 1: Bimodal WASP expression in patient 10. Flow cytometry
analysis of WASP expression revealed low to negagéixpression of WASP in blood and
bone marrow—derived lymphocytes, except for a minaction of blood CD8+ and about
50% of marrow CD8+ T cells that express WASP aselm normal levels. (A). Western blot
analysis shows strongly reduced expression of WASBlood—derived lymphocytes, while
bone marrow—derived lymphocytes express abouthaliiormal amount of WASP (B).

Supplementary figure 2: Treatment and clinical evolution among the patievith
WAS/XLT who developed a lymphoproliferative disease

*: central nervous system involvement; CHQi®xorubicin, cyclophosphamide, vincristine, prednis; Ritux:
rituximab; MTX: high-dose methotrexate; DHAP: dexahasone, high-dose cytarabine, oxaliplatin; CR:
complete response; PD : progressive disease; @blestlisease; A/W: alive and well; DOD: died ofedise;
alloSCT: allogeneic stem-cell transplantation; GVHjbaft versus host disease.

Supplementary figure 3: Analysis of survival after cancer treatment in WAIST patients
who developed a LPD.




