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Table 2. Characteristics of patients with mutations in X/IAP (XLP-2)
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SM indicates recurrent splenomegaly or hepatosplenomegaly; Hypo-y, hypogammaglobulmemxa
done; NA, not applicable; and del., deletion.

*Patient identification: X indicates XIAP. defrcxency, the first number corresponds tothe famlly and the second to the individual patient; + indicates yes or positive; —
negative; and +/—, weakly positive. .

tDiagnosed as incomplete HLH. :

$Recurrent splenomegaly or hepatosplenomegaly associated with mtermﬂ'lent fever, anemia, and cytopenia.

§With recurrent respiratory infections. :

relapsed in 2 of 7 SAP-deficient HLH-survivors (29%) whereas

11 of 14 XIAP-deficient HLH-survivors (79%, 3 unknown) ‘had

= ] relapse of HLH (P = .055).

v Six of the 18 SAP-deficient patients with HLH (33%) had
proven neurologic involvement with mostly (5 of 6, 83%) lethal
outcome, whereas 2 of 22 of XIAP-deficient patients with HLH
(9%} had neurologic involvement with less mortality (1 of2, 50%)

EBV infection was the most-frequent identified trigger of the

first HLH episode in the SAP-deficient (11 of 12, 92%, 6 unknown)
and XIAP-deficient (15 of 18, 83%, 4 unknown) patients (P = .63)
(Table 3). Only PS13.1, PX1.6, PX10.1, and PX11.1:had a first

HLH episode in the absence of a proven EBV-infection, whereas .
the EBV status of 6 SAP-deficient patients and 4 XIAP-deficient

patients is not known. PX1.6 and PX4.2 subsequently experienced

an HLH-relapse with positive EBV polymerase chain reaction: In-
2 patients, herpes simplex virus type .1 (HSV-1) and human

herpesvirus type 6 (HHV-6) were detected in the ‘blood by

, unknown; HSCT, hematopoietic stem cell transplantation; ND, not

, o or

polymerase chain reaction in the course of their first HLH episode.
Of note; in several XIAP-deficient patients, other viruses than EBV

~were tested, including cytomegalovirus, parvovirus B19, HSV,

HHV-6, HHV-8, HIV, human T-cell leukemia virus, adenovirus,

‘and varicella-zoster virus. All were negative.

”Sp‘lenqmegaly and incomplete forms of HLH

Recurrent splenomegaly occurring in the absence of systemic HLH

‘and often associated with fever and cytopenia (consisting of

pancytopenia, bicytopenia, thrombocytopenia, and anemia) was
frequently observed in XIAP-deficient patients (20 of 23, 87%,
7 unknOWIi), whereas it was only found in 2 of 29 SAP-deficient
patients (7%, 4 unknown; ***P < .0001; Table 3). In 8 XIAP-
deficient patients, episodes of splenomegaly occurred before they
déve]oped HLH and were the first clinical sign of the disease.
Overall, although 3 patients with splenomegaly up to now did not
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Figure 1. Comparison of HLH phenotypes and survival curves of SAP-deficient (XLP-1) and XIAP-deficient (XLP-2) patients. Kaplan-Meier survival curves were
constructed on the basis of data presented in Table 1 and Table 2. Statistical analyses with log-rank tests. (A) Percentage of XLP-1/SAP and XLP-2/XIAP patients without HLH
phenotype (P = .099). (B) Overall survival curves for XLP-1/SAP and XLP-2/XIAP patients (P = .948).

develop HLH, the others subsequently developed HLH within a
period of time, varying from a few months to 19 years. In
2 XIAP-deficient patients, transient pancytopenia with spleno-
megaly was noticed after vaccinations against measles, mumps, and
rubella or measles and rubella. Importantly, none of the XIAP-
deficient patients developed B-cell lymphoproliferative disease.

PX4.1 underwent splenectomy at the age of 21 years, and
histopathologic examination of the spleen showed reduced white
pulp areas, and red pulp was extended with a mild fibrosis
(supplemental Figure 2 top left). In the white pulp, most of the
lymphocytes were CD20*, whereas in the red pulp there was an
accumulation of CD3* Tcells that were mostly CD8" and
cytotoxic (T-cell intracellular antigen-1*; data not shown; supple-
mental Figure 2 bottom). Strikingly, features of hemophagocytosis
were observed in the red pulp (supplemental Figure 2 upper right).
Lymphocytes were negative for LMP-1 with very rare EBER*
cells, suggesting that the infiltration was not related to EBV
infection (data not shown). Altogether, these observations strongly
suggest that these lymphoproliferative manifestations can be
regarded as incomplete or attenuated forms of HLH.

In addition, 3 XIAP-deficient patients had liver disease
(2 patients with cholangitis and 1 patient with chronic liver failure).
In 2 of the patients, the cholangitis was associated with colitis,
which are known to overlap.!® For patient PX1.7, histopathologic
examination of the liver showed granulomatous hepatitis in lobular
areas with foci of macrophages around necrotic hepatocytes
(supplemental Figure 3). Staining for LMP-1 was negative (data
not shown). It is unclear whether these liver diseases should also be
considered as an incomplete form of HLH.

Table 3. Comparison of XLP-1 and XLP-2 phenotypes
SAP-/Y,n (%)  XIAP-/Y

5 0f 30 (17)

full-blown HLH)

Hemorrhagic colitis 0 of 33 (0) - 50f30(17) .0203

*Calculated with Fisher exact tests.

Lymphoma

Ten of 33 SAP-deficient patients (30%) and none of the 30 XIAP-
deficient patients developed lymphoma (Tables 1-3; supplemental
Figure 1B; **#P = 001). Mean age at diagnosis of lymphoma was
15 years (range, 2-40 years). Diagnoses were non-Hodgkin lymphoma
(n = 9), including EBV-positive Burkitt lymphoma (n = 6) and EBV-
negative (n = 3). Lymphomas were localized in the ileocecal (n = 5),
cerebral!® (n = 1), cervical (n = 2), and spinal (n = 2) regions, and for
one the origin was not known. One patient (PS1.3) had a second
lymphoma at the age of 30 years, 23 years after the first one, and one
patient (PS15.3) had myelodysplasia.

Dysgammagiobulinemia

Hypogammaglobulinemia was documented in 14 SAP-deficient
patients (14 of 21, 67%) and in 8 XIAP-deficient patients (8 of 24,
33%) (*P = .0377) (Tables 1-3). Thirty percent (10 of 33) of
SAP-deficient patients and 13% (4 of 30) of XIAP-deficient
patients received intravenous immunoglobulin (IVIG) substitution
(P = .1357) (supplemental Figure 1C). Interestingly, hypogamma-
globulinemia was transient in 2 of the 8 XIAP-deficient patients.
PX3.1 was substituted with IVIG between the age of 23 and
35 years, currently, 4 years after stopping IVIG, immunoglobulin
levels remain within the normal range, and the patient does not
experience recurrent respiratory infections. Two XIAP-deficient

patients -developed hypergammaglobulinemia, with higher than

normal IgA and IgM levels in PX9.3 and elevated IgG and IgM
levels in PX11.1, respectively.

Severe infections were noted in several SAP- and XIAP-
deficient patients with hypogammaglobulinemia before initiation
of the IVIG substitution when treated. Ten of the 14 SAP-deficient
and 4 of the 8 XIAP-deficient patients had recurrent respiratory tract
infections. Rare severe infections caused by Haemophilus influenzae,
Mycoplasma pneumoniae, Streptococcus pneumoniae, Staphylococcus
aureus, and Cryptococcus neoformans were also observed in SAP- and
XIAP-deficient patients (supplemental Table 1).

Colitis

Chronic colitis with hemorrhagic diarrheas or rectal bleeding or
both evoking inflammatory bowel disease was observed in 5 of
30 XIAP-patients (17%) but in none of 33 SAP-deficient patients
(*P = .0203; Tables 1-3). In PX1.4, colitis initially responded to
immunosuppressive treatment with corticosteroids and cyclospor-
ine A. However, corticosteroids could not be withdrawn, and the
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Figure 2. Histology of the Iaige bowel of PX1.7 wiih XIAP deficiency. (Top left) On hematoxylin and eosin at low magpnification (>100), a large ulceration is seen, indicated by an
arrow. (Bottom left) Higher magnification (X200) shows a massive polymorphic inflammatory infiltrate associated with a crypt abscess (indicated by the arrow). (Central right)
Immunostaining with anti-CD3 shows frequent lymphoid T cells (on the right, x200), some of them express the activation marker CD25 (<400, inset).

addition of azathioprine could not prevent the recurrence of
symptoms. Anti—tumor necrosis factor-o. mAb treatment (inflix-
imab) provided partial improvement. Recently, a colectomy was
performed, but the patient now has terminal ileitis. In PX1.7, severe
hemorrhagic colitis was associated with portal hypertension and
massive gastroduodenal bleeding that lead to death of this patient.
Patients PX9.6 and PX11.2 also suffered from chronic colitis and
~ most probably died of intestinal hemorrhage.

Histopathologic examination of intestinal mucosa biopsy speci-
mens was performed in 3 patients, PX1.4, PX1.7, and PX9.3.
Representative images are shown in Figure 2. Hemorrhagic
ulcerations of the colon associated with mononuclear infiltration
consisting of lymphoid cells and plasma cells in the lamina propria
were observed (Figure 2 left top). Crypt architecture was mostly
preserved, except for rare crypt abscesses (Figure 2, left bottom),
but frequent apoptotic crypt cells were seen (supplemental Figure
4). The lymphoid cells were mostly CD3* and CD8* with some
lymphocytes expressing CD25 with numerous eosinophils (in
PX1.4) (Figure 2; supplemental Figure 4). CD20* cells were rare,
EBER staining was negative (not shown), and there was no granuloma
formation. Microbiologic cultures were negative in all 3 cases.

Rare clinical manifestations

Rare clinical features (supplemental Table 1), each observed in
1 SAP-deficient patient, were hemolytic uremic syndrome associ-
ated with HLH, vasculitis, and arthritis. Clinical features, each

~observed in 1 XIAP-deficient patient, were Kawasaki syndrome

and psoriasis. Additional infections in patients without hypogamma-
globulinemia were caused by Pseudomonas aeruginosa (1 SAP-
deficient patient), recurrent measles (1 XIAP-deficient patient), and
HSV-(1 XIAP-deficient patient). Of note, 2 SAP-deficient patients
(PS3.1 and PS3.2) had chronic gastritis.?®

Survival and outcome

Sixteen of 33 SAP-deficient patients and 12 of 30 XIAP-deficient
patients died at a mean age of 11 years (range, 2-69 years) and
16 years (range, 0.1-52 years), respectively. Survival rates did not
differ between both patient groups (P = .93; Figure 1B), and the
proportions of whom reached adulthood (age = 16 years) were
similar in both groups (17 of 33 SAP-deficient patients [52%] and
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13 of 30 XIAP-deficient patients [43%]). Mortality was related to
HLH (11 SAP- and 5 XIAP-deficient patients), lymphoma (2 SAP-
deficient patients), myelodysplasia (1 SAP-deficient patient), coli-
tis (3 XIAP-deficient patients), hepatitis (1 XIAP-deficient patient),
complications of hematopoietic stem cell transplantation (2 SAP-
and 4 XIAP-deficient patients), and pneumonia (1 XIAP-deficient
patient). Mean age at last follow-up was 24.9 years (range,
10-66 years) for SAP-deficient patients and 17.5 years (range,
0.7- 39 years) for XIAP-deficient patients. Among the surviving
17 SAP-deficient patients, 4 are well without any treatment,
10 receive IVIG substitution, 2 are currently treated for a lym-
phoma, and 1 had successful hematopoietic stem cell transplantation.
Among the surviving 17 XIAP-deficient patients, 10 are well
without any treatment (among them 3 with splenomegaly), 2
received recently anti-CD20 antibody treatment because of EBV-
related HLH, 2 are under IVIG substitution, 1 has terminal ileitis
after colectomy, 1 has colitis treated with mesalazine and azathio-
prine, and 1 has recurrent HLH treated with cyclosporine A and
dexamethasone. One XIAP-deficient and 2 SAP-deficient patients
have never developed clinical signs and are considered to be
asymptomatic.

Discussion

We report the first comparison of the clinical phenotypes of SAP-
and XIAP-deficient patients. The present study was based on a
retrospective analysis with data from medical records on 33 SAP-
and 30 XIAP-deficient patients. The relatively small size of both
cohorts obviously implies that data should be interpreted with
caution.

The overall clinical phenotypes of the affected persons matched
with the phenotypes previously reported.>792! In accordance to
previous studies, we did not observe any genotype-phenotype
correlation in the SAP-deficient patients. However, in our cohort of
XIAP-deficient patients, we noticed that XIAP-deficient patients
carrying non-null mutations had a tendency to be less prone to
develop HLH by contrast to patients with null mutations. However,
other genetic or environmental factors may contribute to the variety
of phenotypes observed in XLP-1 and XLP-2.

HLH occurred both in SAP- and in XIAP-deficient patients but
with more frequent neurologic involvement and fatal outcome in
SAP-deficient patients than in XIAP-deficient patients. Spleno-
megaly often associated with cytopenia and fever was more
frequent in XIAP-deficient patients than in SAP-deficient patients.
Histologic analysis of one spleen showed accumulation of acti-
vated CD8* T cells and hemophagocytosis without EBV™* cells.
These symptoms probably represent incomplete forms of HLH. In
addition, HLH relapses seemed to be more common in XIAP- than
in SAP-deficient patients who survived HLH. Together, these
findings suggest that HLH has a less severe disease course in
XIAP- deficient patients than in SAP-deficient patients.

In most of the patients from both groups, the trigger of HLH
was an EBV infection (> 80%); EBV may favor HLH by eliciting
a potent CD8 T-cell response. It is also postulated that SAP and
possibly XIAP are associated with activation pathways that are
more important in triggering selective cytotoxicity toward B cells.?
27 HLH in most hereditary conditions such as FHL, Griscelli
syndrome type II, and Chediak-Higashi syndrome shares common
pathophysiologic mechanisms, that is, global impaired cytotoxicity
responses that lead to the inability of effector lymphocytes to kill

use only.

BLOOD, 3 FEBRUARY 2011 « VOLUME 117, NUMBER 5

infected cells and antigen-presenting cells.?® In mice and humans,
SAP-deficient CD8* T and NK cells exhibit defective cytotoxicity
responses caused by abnormal functions of SLAM receptors.?
This could explain the occurrence of HLH in SAP-deficient
patients.?>%’ In contrast, NK-cell and T-cell cytotoxic responses
appear to be preserved in XIAP-deficient patients’ (C. Synaeve
and S.L.., unpublished data, 2009 and 2010). This might account for
the lower severity of the HLH in the XIAP deficiency. Hence, the
precise immune defects responsible for HLH in XIAP deficiency
remain to be elucidated.

Only XIAP-deficient patients were at risk for chronic colitis
with often a lethal outcome. This phenotype seems that is may be
even worse than HLH, because the mortality in the group of
patients with colitis (3 of 5) has a tendency to be higher than in the
group with HLH (5§ of 22). Histopathologic analysis of intestinal
mucosal biopsy specimens showed an inflammatory process with
an accumulation of activated T cells (and eosinophils in one
patient) that could evoke inflammatory bowel disease. Interest-
ingly, a recent report indicates that XIAP is involved in nucleotide-
binding oligomerization domain containing 2 (NOD?2) activation
which is an intracellular pattern recognition receptor of the
NOD-like receptor family.*® Importantly, NOD2 is a key suscep-
tibility gene for Crohn disease.?! Thus, defects in XIAP might
lead to defective NOD2 responses as an additive risk factor for
colitis in some of these patients. Of note, however, NOD2 was
sequenced in 2 XIAP-deficient patients with colitis, and none
had the genotype shown to be a risk factor for Crohn disecase
(J.P. Hugot and S.L., unpublished data, June 2006).

One striking difference between XLP-1 and XLP-2 was that
only SAP-deficient patients developed lymphoma, although it
could not be formally excluded that XIAP-patients might
develop lymphomas in the future. In SAP-deficiency, the
occurrence of lymphomas may be explained by defective
immunosurveillance of hematopoietic cells, resulting from
alterations in SLAM receptor-mediated NK- and T-cell cytotox-
icity responses,?>2426 but also by the proapoptotic functions that
have been assigned to SAP.32.33

Another common finding shared by XLP-1 and XLP-2 is the
hypogammaglobulinemia. Interestingly, 2 XLP-2 patients recov-
ered from hypogammaglobulinemia, which so far seems not to be
the case for XLP-1 patients. Numerous studies in mice and humans
have documented that impaired antibody production found in
XLP-1 resulted from a block in germinal center formation, leading
to defects in the differentiation of Ig-isotype~switched memory
B cells.*3 In most of the XIAP-deficient patients, Ig-isotype-
switched memory B cells are not found to be decreased’ (S. Siberil
and S.L., unpublished data, 2008 and 2009). In XIAP deficiency,
hypogammaglobunemia could be the consequence of increased
activation-induced cell death of B cells, a hypothesis that needs to
be tested. v

In conclusion, the present comparison of the clinical features of
SAP- and XIAP-deficient patients shows that SAP deficiency and
XIAP deficiency share a main phenotype, that is, EBV-induced
HLH. This similarity raises the possibility of a functional/
molecular link between SAP and XIAP proteins. Alternatively,
impairment of 2 independent pathways, both important in EBV
immunity, could lead to a shared phenotype. Nevertheless, we also
demonstrate that XLP-1 and XLP-2 can be distinguished on several
clinical aspects, which could be helpful for diagnosis and therapeu-
tic decisions.
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X-linked lymphoproliferative disease
(XLP1) is a rare immunodeficiency charac-
terized by severe immune dysregulation
and caused by mutations in the SH2D1A/
SAP gene. Clinical manifestations are
varied and include hemophagocytic lym-
phohistiocytosis (HLH), lymphoma and
dysgammaglobulinemia, often triggered
by Epstein-Barr virus infection. Historical
data published before improved treat-
ment regimens shows very poor out-
come. We describe a large cohort of 91 ge-
netically defined XLP1 patients collected
from centers worldwide and report char-

Introduction

acteristics and outcome data for 43 pa-
tients receiving hematopoietic stem cell
transplant (HSCT) and 48 untransplanted
patients. The advent of better treatment
strategies for HLH and malignancy has
greatly reduced mortality for these pa-
tients, but HLH still remains the most
severe feature of XLP1. Survival after
allogeneic HSCT is 81.4% with good im-
mune reconstitution in the large majority
of patients and little evidence of posttrans-
plant lymphoproliferative disease. How-
ever, survival falls to 50% in patients with
HLH as a feature of disease. Untrans-

planted patients have an overall survival
of 62.5% with the majority on immuno-
globulin replacement therapy, but the out-
come for those untransplanted after HLH
is extremely poor (18.8%). HSCT should
be undertaken in all patients with HLH,
because outcome without transplant is
extremely poor. The outcome of HSCT for
other manifestations of XLP1 is very good,
and if HSCT is not undertaken immedi-
ately, patients must be monitored closely
for evidence of disease progression.
(Blood. 2011;117(1):53-62)

X-linked lymphoproliferative disease (XLP) is a rare primary
immunodeficiency first described in 1975 by Purtilo! and character-

ized by severe immune dysregulation often after viral infection
(typically with Epstein-Barr virus [EBV]). Since XLP was first
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described, our understanding of the molecular and cellular patho-
genesis of the disease has greatly improved. However, clinically, it
is still difficult to determine optimal management and prognosis for
patients due to the variability of clinical presentation, lack of
genotype-phenotype correlation, and rarity of the disease. Purtilo
established an XLP registry in 1980, and by 1995 more than
270 boys had been identified in 80 kindreds.? To date this registry
has provided the only data on clinical phenotype and prognosis for
this patient group. Overall mortality in this group was 75%, with
70% of boys succumbing before 10 years of age. However, current
outcomes for XLP may be very different due to the availability of
unambiguous molecular diagnosis, improved viral monitoring, and
the improvement in treatment regimens for disease manifestations.

XLP affects 1 to 3 million boys,** and most commonly presents
in childhood or early adolescence. Presentation may be acute in the
case of fulminant infectious mononucleosis (FIM)/hemophago-
cytic lymphohistiocytosis (HLH) or lymphoma or less aggressive
with dysgammaglobulinemia or recurrent infections. Patients often
manifest more than one phenotype and may progress from one
phenotype to another, for example presenting with hypogam-
maglobulinemia and progressing to lymphoma, and different
clinical features are often present in families highlighting the lack
of genotype-phenotype correlation. Other rare but well-described
presenting features include aplastic anemia, vasculitis, and chronic
gastritis.>>® It is now known that the clinical syndrome of XLP
arises from 2 different genetic defects in SH2DIA (XLP1, by far
the most common and the focus of this report) and the BIRC/XIAP
gene (XLP2). The gene responsible for XLP1 is the SH2DJA gene
found on the X chromosome at position Xq25,%!! which encodes
the cytoplasmic protein SAP (signaling lymphocyte activation
molecule or SLAM-associated protein). SAP is a key regulator of
normal immune function in T cells,'>!* natural killer (NK)
cells,!>18 NKT cells,?2 and possibly B cells,?! and defects in
this protein lead to the varied immune defects described in
XLP1 patients.?*?2 Humoral defects seen in this disease are thought
to arise from impaired CD4* T-cell interaction with B cells and not
an intrinsic B-cell deficit.??

Although it has always been presumed that EBV infection
plays a crucial role in the development of clinical features in
XLP1 patients, it is now clear that a proportion of boys are EBV
negative at presentation and remain so. Indeed, 10% of patients
have immunological abnormalities before any evidence of EBV
exposure.*2* XLP1 is therefore a disorder of immune dysregulation
rather than a disorder specifically associated with EBV infection.

Before 1994, acute management of FIM and HLH included
antiviral medications, high-dose intravenous immunoglobulin (Ig),
immunosuppressants, and other immune modulators such as inter-
feron-a.. These treatments proved disappointing? and the XLP
registry data showed a survival of only 4% for boys presenting with
these manifestations. Improved chemotherapy regimes for lym-
phoma and immunosuppressive protocols to treat HLH (including
rituximab) may reduce the mortality rate for XLP1 patients and
allow stabilization before hematopoietic stem cell transplant
(HSCT).%6 Our report provides valuable outcome data collected
since the introduction of current HLH treatment protocols, focusing
on XLP1 patients with mutations in the SH2DJA gene.

Allogeneic HSCT remains the only curative option for XLP1 at
present although large scale outcome studies are not available.
Recently, Lankester et al reviewed 14 cases in the literature who
had undergone HSCT and found an overall survival of 71% (10/14)
with little evidence of EBV reactivation and posttransplant lym-
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phoproliferative disease.?” We describe here outcome data for a
much larger cohort of patients transplanted since 1997.

There is no consensus on whether clinically stable XLP1 patients
should undergo HSCT as the natural history of the disease is so variable,
even within the same family. Treatment and management of the disease
is severely hampered by the lack of data of a large cohort of patients and
previously published outcome data are based on historical data,
which may represent patients with conditions other than XLP1 as
inclusion was based on clinical and not genetic diagnosis. Also,
little recent data exist for patients who remain untransplanted. Hence, we
describe a large cohort of genetically defined XLP1 patients collected
from centers worldwide. The data presented will allow for better
counseling of affected families regarding prognosis and management
options, particularly in relation to timing of transplant.

Methods

Data collection

Questionnaires regarding patient demographics, transplant characteristics,
and outcome were sent to centers worldwide identified through the
European Society for Immunodeficiencies/European Bone Marrow Trans-
plantation Registry, published case reports or centers known to perform
pediatric HSCT. Retrospective analysis was performed using data collected
for 91 patients from 32 centers worldwide. The number of cases from each
center varied between 1 and 27 but was on average 1-2 cases. Patients
included in this study were born between 1941 and 2005; 63 were born in or
after 1990 (24 untransplanted patients and 39 transplanted patients). Only
patients with a confirmed mutation in the SH2D/A gene were included in
this series. Patients with mutations in other XLP-associated genes such as
XIAPIBIRC-4 were excluded, as were patients with abnormal SAP
expression but no confirmed mutation in SH2DIA. EBV status was
determined by polymerase chain reaction to avoid variable serology results
in XLP1 patients and especially in those with dysgammaglobulinemia.
Questionnaires offered reporting of FIM and HLH separately; thus, some
centers with experience in this area reported patient data accordingly, and it
is presented as such.

Data in various forms from 11 patients have been previously pub-
lished>?73? but standardized information was recollected in this study and
added to the series.

Management of HLH and lymphoma

Patients who presented with HLH were managed predominantly in
accordance with HLH 94 or HLH 2004 protocols. Additional or alternative
treatment included antiviral therapy (aciclovir, ganciclovir, or foscarnet,
n = 6), high-dose intravenous immunoglobulin (n = 9), immunosuppres-
sion (steroids, cyclosporine, and etoposide, n = 12), or anti-CD20 antibody
(rituximab, n = 10). Intrathecal therapy was used where central nervous
system involvement was suspected. Ten patients who proceeded to trans-
plant received rituximab therapy before transplant, either as treatment for
HLH or during conditioning.

Regimes for the treatment of lymphoma varied in line with appropriate
national guidelines (eg, COPAD [cyclophosphamide, vincristine, predni-
sone, and doxorubicin]) study, Berlin-Frankfurt-Munster Group, Associazi-
one Italiana Ematologia Oncologia Pediatrica, or United Kingdom Chil-
dren’s Cancer Study Group guidelines) and only occasionally involved
surgical management.

Statistical analysis

Kaplan-Meier curves were used to analyze survival figures. The log rank
test (Mantel-Cox) and Gehan-Breslow-Wilcoxon tests were used to com-
pare survival between different groups. Statistical analysis including hazard
ratio calculation was performed using GraphPad Prism Version 5.00 for
Windows.
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Table 1. Presenting symptoms and features of XLP1 patients with
associated mortality

Incidence

Mortality

Lymphoma
 Dysgammaglobulinemia’
Family history of
XLP1 alone
Jother
Features occurring at any time
FIM
ymptoma
Dysgammaglobulinemia
Other

e : 77% Sy
14.3%

‘:1:352'2%'3 ;,‘ : o
16.5%

Results

Data from 91 patients (64 pedigrees) in 32 centers worldwide were
included in this report. The overall survival of XLP1 patients was
71.4% (65/91), and patients displayed a heterogeneous clinical
phenotype. Due to the heterogeneity of the group, data were
analyzed according to presentation with HLH, EBV status, and
whether patients had received HSCT, allowing characterization of
outcome after transplant.

Spectrum of XLP1 mutations

In keeping with previous publications, no genotype/phenotype
correlation was evident, and the most frequently reported mutation
involved the arginine residue at position 55 (exon 2) found in
11 patients from 9 different families. Detailed genetic information,
was available for 62 patients (50 pedigrees; supplemental Table 1,

available on the Blood Web site; see the Supplemental Materials

link at the top of the online article). Exon 2 had the most mutations
with missense mutations accounting for the majority but nonsense,
frameshift, and splice site mutations were also reported. Large gene
deletions (up to 11 Mb) including those involving the whole gene
were identified in 5 families. Three of these larger deletions were
associated with gastrointestinal symptoms of colitis and gastritis.
Such symptoms were not found in patients with other mutations
apart from a patient with diarrhea as a feature (missense mutation
exon 1, 62 T > C). In a further 29 patients, detailed genetic data
were not supplied but a SAP/SH2DIA gene defect was confirmed
by the documenting center.

Clinical manifestations of XLP1

Table 1 shows the presenting features of disease as well as features
of disease manifesting throughout the course of the condition. HLH
remained the most common presenting feature (39.6%), although
dysgammaglobulinemia was the manifestation seen most com-
monly in patients during the course of the illness.

Although clinical features have remained similar to previously
published data,? the survival associated with XLP1 is 71.4%, which
is significantly improved over historical survival of 25%. The
survival associated with different phenotypes has also changed
significantly with mortality associated with HLH decreased from
96% to 65%, lymphoproliferative disease from 35% to 8%, and
dysgammaglobulinemia from 55% to 5%.

OUTCOME OF PATIENTS WITH XLP1 AND SH2D1AMUTATIONS 55

Twenty-two patients suffered from malignant lymphoprolifera-
tive disease, with eighteen patients (81.8%) diagnosed with B-cell
non-Hodgkin lymphoma mainly of the abdomen and cervical
region. In 5 patients the disease was recurrent, with 1 patient
experiencing a cerebral tumor. Only 1 patient was reported with
cerebral T-cell lymphoma. Data on tumor histology is lacking in
3 patients.

Immunological abnormalities at diagnosis

Details of immune function were available for 57 patients, although
in some cases, data were only available after the onset of disease
manifestations that may have influenced immunoglobulin and
lymphocyte subset levels. Immunoglobulin levels were recorded
in 49 patients, and 32 of these showed varying degrees of
abnormal immunoglobulin levels. Twelve children presented with
neutropenia. Lymphocyte subset data were available for 47 pa-
tients; 19 showed a reduced percentage of B cells, 26 showed low
NK cell numbers, and 12 had a reversed CD4:CDS ratio.

Presentation with HLH

The mortality for patients presenting with HLH was 65.6%, with a
median age at presentation of 3 years 2 months (range 8 months to
9 years). Of the 32 patients with HLH, 16 underwent transplant, of
whom 8 survived (50%; Figure 1). Of those who did not receive a
transplant, only 3 survived (18.8%), confirming previous reports
that the prognosis for patients with HLH associated with a genetic
defect is extremely poor and that HSCT is necessary.

EBV status

EBYV status was documented in 79 patients showing that 51 (64.6%)
were EBV positive at presentation or diagnosis (Table 2 and supplemen-
tal Figure 1). The median age of presentation in this group was
4 years (range 8 months to 40 years), and the overall mortality was
35.2% (18/51). There was no significant difference in mortality between
patients with (35.2%) and without (28.6%) documented EBV infection.
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Figure 1. Outcome of patients with HLH during course of disease. Survival of
patients who present with HLH—patients who remain untransplanted have a poor
survival outcome with only 18.8% survival. By contrast the survival of those who
undergo transplant is higher at 50%.
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Figure 2. Survival in XLP1 related to different variables. (A) Overall survival of transplanted versus untransplanted patients. In the transplanted group this represents time
from presentation and not transplant. (B) Survival according to donor source. (C) Survival after HSCT with relation to presence of HLH before transplant. (D) Survival according

to age at transplant.

HLH/FIM was the most common feature in this group being seen in
35 patients (68.6%), with lymphoma present in 10 patients (19.6%), and

dysgammaglobulinemia in 19 (37.2%). Nine EB V-positive patients had

a family history of XLP1, and two others had a family history suggestive
of an X-linked immunodeficiency. Of the 18 EBV-positive patients who
died, the majority (14/18) died within 2 months of presentation due to
disease progression. Three died in the early posttransplant period of
infective complications and disease progression, and 1. died during
treatment for lymphoma.

Twenty-eight patients were EBV negative at presentation or
diagnosis. The median age of presentation for this group was
3 years (range birth to 31 years). Family history of XLP1 was-the
presenting feature for 12 patients, and a further 7 patients described
a family history suggestive of an X-linked immunodeficiency or
lymphoma. There was a higher rate of dysgammaglobulinemia
(51.8%) in this group. Lymphoma was present in 7 patients. Fewer

Table 2. Characteristics of EBV-positive and EBV-negative
XLP1 patients

EBV positive
(64.6%, n = 51)

EBV negative
(35.4%, n = 28)

Family history of XLP1

17.6% 42.9%

5y 11 mo (20 mo-31 y)

3y6mo (14 mo-21y)

EBV negative patients presented with HLH/FIM, and this may
suggest that at least for this manifestation a viral trigger is
important. Information was sought on other viral infectious agents
including cytomegalovirus and adenovirus, but data were not
available for most patients. Other clinical features included aplastic
anemia in 3 patients and vasculitis in 2 patients. The mortality for
this EBV negative group was 28.6% (8/28); 3 patients died shortly
after presentation before HSCT with central nervous system
vasculitis (2) and HLH with enterococcal sepsis (1). One patient
died 11 years after presentation following a complex course, and
a further 4 patients died in the early posttransplant period (de-
scribed in Table 5).

HSCT for XLP1

HSCT was undertaken in 22 centers (range of patients/center: 1-7)
between 1997 and 2009 (Table 3). Forty-six transplants were
performed on 43 patients, and the median age at transplant was
6.25 years (range 8 months to 19 years); 1 patient who had
undergone a haploidentical transplant received a CD34™* selected
boost 1 year after initial transplant. One patient received an
allogeneic HSCT to treat lymphoma before a diagnosis of XLP1
was established. Most patients received bone marrow or peripheral
blood stem cells, and only 2 patients received umbilical cord
HSCT. Donor grafts were from human leukocyte antigen-matched
family donors in 14 cases, mismatched family donors or matched
unrelated grafts in 28 cases, and haploidentical donors in 4 cases.
Half of the transplant procedures (23/46) were performed using
myeloablative conditioning regimes including combinations of



From bloodjournal.hematologylibrary.org at (D) IKASHIKA U LIB on January 26,‘2012. For personal use only.

BLOOD, 6 JANUARY 2011 - VOLUME 117, NUMBER 1

Table 3. Characteristics of XLP1 patients receiving allogeneic HSCT

OUTCOME OF PATIENTS WITH XLP1 AND SH2D1AMUTATIONS 57

Percentage

Number

1-y survival HR 95% ClI P

XLP1 features
Previous HLH
* Previous NHL :
Previous dysgammag!obulmemla
CEBVFL L

Age at HSCT

> 15y
Year of HSCT

< 2000
2000-2005
2005-2009
Donor Type
MSD, MFD
- MUD, mMFD, mMUD
Haplo
Soﬁrc'e'
Bone marrow

'k’yérade 1

Grade 4

Chimerism

Mixed 8%

5.31-108.0

0.29-4.96

0.18-71.76 40
e el
042 008207
0.01-6.58

0.24

08052

88.8% 2.98 0.06-151.0

*Data missing on 5 transplants, 1 died during conditioning.

+Three patients < 1 year after transplant.

Cl indicates confidence interval; HR, hazard ratio; MSD, matched sibling donor; MFD, matched family donor; MUD, matched unrelated donor; mMFD, mismatched family
donor; mMUD, mismatched unrelated donor; Haplo, haploidentical transplant; MA, myeloablative; and NMA, nonmyeloablative.

busulfan 12-20 mg/kg, cyclophosphamide 50-200 mg/kg, and total
body irradiation 5-12 Gy. The other half of procedures used
nonmyeloablative conditioning regimes consisting of fludarabine
(30 mg/kg), melphalan (70-140 mg/kg), busulphan (4-12 mg/kg),
or total body irradiation (3-5 Gy): Twenty-six patients received
additional serotherapy with alemtuzumab, anti-thymocyte globu-
lin, anti-CD3 antibody, and anti-CD20 antibody (rituximab). Graft-
versus-host disease (GVHD)prophylaXiSf regimes differed between
centers, but mostly ‘involved combinations of “cyclosporin with
methotrexate, mycophenolate mofetil, . steroids, and tacrolimus.
T-cell depletion of the graft was used in'1 case.

Outcome for XLP1 patients who received allogeneic HSCT
was good with 81.4% surviving the procedure (35/43) with a median
follow up of 52 months. The majonty of these patients (28/35 survivors)
required no ongoing immunoglobulin replacement therapy. Tables 3 and
4 highlight details' of transplanted patients, and Figure 2 describes
survival according to several factors. -

Sixteen patients were diagnosed with HLH before transplant
and 12 patients had some’form of lymphopmhferanve disease
(Iymphoma). Only 51.2% of the cohort had documented evidence
of EBV infection (by polymerase chain reaction) with survival

rates in EBV™* patients similar to those without EBV infection
(75% vs 80%). Most patients experienced some delay from first
symptoms to diagnosis (average delay 2 years 7 months) but once a
diagnosis of XLP1 was established time to transplant was generally
less than 1 year. Median age at transplant was 6.25 years with a
range of 8 months to 19 years.

Univariate analysis was performed to identify the major risk
factors for survival after HSCT. The most important risk factor was
prior HLH, which significantly decreased the survival outcome to
50%. A previous diagnosis of lymphoma had a near significant
effect, but other variables were not shown to have a significant
effect including importantly, previous evidence of EBV infection,
the age at transplant, donor type, or the conditioning regime. It is
also important to note that only patients who had HLH at some
point before or during transplant died. Conversely, all patients
without HLH (n = 27) survived the transplant procedure.

Half of the patients underwent a nonmyeloablative conditioning
regime before HSCT and this did not impact on survival (nonmyelo-
ablative vs myeloablative, 78.9% vs 82.9%) or long-term chimer-
ism. More than 90% of patients achieved full donor chimerism, and
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Table 4. Details of XLP1 patients surviving allogeneic HSCT

BLOOD, 6 JANUARY 2011 - VOLUME 117, NUMBER 1

Year of Age at

HSCT Donor

graft manipulation

Conditioning/serotherapy/

GVHD
prophylaxis

Follow up
GVHD Chimerism (mo) g

Fiu, Melph, ATG, T!
Bu, Cy, VP-16 (NHL

pr
Flu, Melph, Campath

Y,

NK

Bu, Flu, Campath

Flu, Meiph, Ritux

) 

Bu, Cy; ATG, 34*,top up 1 year

MTX, GSA
MTX, CSA, P

T
133
e
107
S
99
95 i
88
84
71
e
PBMC 66
-3S,Gl - 100% 57
LL00% e Y
88% PBMC 97% M 50 Y

MTX, CSA

*Chronic GVHD.

PBMC indicates peripheral blood mononuclear cell; Flu, fludarabine; Melph, melphalan; 34*, CD34* stem cell infusion; Bu, busulfan; Cy, cyclophosphamide;
Thio, thiotepa; TBI, total body irradiation; CSA, cyclosporin A; MMF, mycophenalate mofetil; MTX, methotrexate; P, prednisolone; TAC, tacrolimus; S, skin; Gi, gastrointestinal;

L, lung; and Ig, replacement immunoglobulin.

those with a mixed or falling chimerism remained well with 1
patient still receiving replacement immunoglobulin.

Data were also collected ‘on common posttransplant com-
plications such as GVHD, infectious complications and toxicity
attributable to chemotherapy. Half’ of the patients (50%) suffered
from some form of GVHD; the majority of cases were grade
1-3 affecting the skin, liver, and gut. Two patients suffered grade
4 disease (of skin and liver), and 1 of these children died. Only

2 patients went on to develop chronic GVHD (see Table 3). One
patient experienced both veno-occlusive disease and renal toxicity
“due to conditioning (busulfan, cycloph'osphamidé; and antithymo-
cyte globulin), and this patient succumbed shortly after a haploiden-
tical transplant. ‘ B

In 3 patients with mixed chimérism in‘ peripheral blood
mononuclear cells, this remained stable in all ‘but 1 patient, in
whom it fell from 92% to 5%. However, this patient remains well
3 years posttransplant and does not require replacément immuno-
globulin therapy. From this series, there is little evidence of viral
reactivation posttransplant. Thirty-five patients : are “alive - with
5 suffering some long-term effects including EBV viremia (man-
aged with rituximab), bronchiectasis, autoimmune disease, chronic
psoriasis, and neutropenia.

Eight patients did not survive after HSCT (see Table 5). Seven
patients who died presented with HLH before HSCT (4/7 EBV™)
compared with 8 of 35 survivors, but HLH was a feature of disease
in all 8 nonsurvivors. The majority of nonsurvivors were = 3 years
old (5/8), and conditioning regime did not appear to play a role as
5/8 patients received a full myeloablative regime. The main cause
of death in this group was sepsis, but disease progression accounted
for 2 deaths. The 2 children dying with disease progression went
into transplant with active disease; 1 died during conditioning and
the other 3 days after HSCT. One further patient died 3 weeks after
HSCT (7 months after presentation) from veno-occlusive disease
(VOD), multiorgan failure, and renal toxicity attributable to
chemotherapy. The remaining 5 patients died of sepsis (2 pseu-
domonal sepsis, 1 parainfluenza III infection, 1 with disseminated

‘adenoviral infection, and 1 with EBV and fungal infection) within

3 months of HSCT.

Untransplanted patients

Data were available for 48 patients who did not receive HSCT
(Table 6); 30 are alive, 4 of whom are actively awaiting transplant,
and 3 who refused HSCT. One patient had received an autologous
HSCT before diagnosis with XLP1, and this patient’s data were
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Table 5. Details of XLP1 patients not surviving allogeneic HSCT

Age at Conditioning/serotherapy/ GVHD
EBV HLH HSCT,y Year of HSCT Donor graft manipulation prophylaxis GVHD Chimerism Cause of death

S ONAL

+ Yes 3 2003  MUD Bu, Flu, Campath, Rituximab  CSA Died 3 d after HSCT disease

3u; TBI

- MMF.MTX, P

Bu, Cy, ATG TCD ‘ Died 3 wk after HSCT VOD;
MOF, renkal th’ 'ty’ ;

CTAGR

Yes 3 1998 MSD x 2 Flu, Melph ‘ CSA, P 100% ‘ Died 3 mo after HSCT

Pseudomonas sepsis
R P SC
Yes 1 2007 MUD Flu, Melph, ATG, 34* CsA 23S,L  100%  Died 3 mo after HSCT

paraflu ll} sepsis

PBSC indicates peripheral b!ood‘ stem celf; Flu, fludarabine; Melph, melphalan; 34%, CD34* stem cell infusion; Bu, busulphan; Cy, cyclophosphamide; Thio, thiotepa;
TBI, total body irradiation; CSA, cyclosporine A; MMF, mycophenalate mofetil; MTX, methotrexate; P, prednisolone; TAC, tacrolimus; TCD, T-cell depletion; S, skin; L, lung;
VOD, veno-occlusive disease; MOF, mullti-organ failure; MDR, muttidrug resistant; and PCP, Pneumocystis jiroveci.

analyzed as though untransplanted. Less detailed information was Presentation was highly variable but as expected included
available for this set of patients compared with those receiving HLH/FIM, dysgammaglobulinemia, and recurrent infection. More
HSCT. This may be because some patients died before EBV status ~ unusual presentations included 1 patient with central nervous
and immune function could be established and any first symptoms ~ system vasculitis, intracranial hemorrhage and myocardial fibrosis,
may not have been recognized as a manifestation of XLP1. From and peripheral eosinophilia. The course of XLP1, both temporal
data available, median age at presentation was 5 years, and delay in  and clinical, was extremely variable without any apparent correla-
diagnosis ranged from a few weeks to 32 years. ‘ tion to family history or genetic mutation.

Table 6. Characteristics of XLP1 patients not receiving HSCT

Number

Age at death

Time from first symptom (in those patients alive) 12y (1 NK) 1-39y

Lymphoma ; : 16.7% 8/48

Other L . 12.5% 6/48

Associated with FIM

Immunoglobulin replacement

No : : 23.3% 7/30
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Figure 3. Outcome of patients with SAP/SH2D1A mutations.

60 BOOTHetal
43 transplanted 48 untransplanted
47.3% 52.7%
18 died
8 died
18.6% 37.5%
30 alive
35 survivors *3 awaiting
81.4% transplant
*3 refuse HSCT
62.5%
28 off IVIg 7 receive IVig [ l 1
80% 20% ( 21 receive IVig } [ 7 off IVlg

70% 233%

Survival 81.4% Survival 62.5%

As with transplanted patients the significant mortality associ-
ated with HLH is evident in untransplanted patients (81.3%).
Presentation or manifestation of HLH (n = 15 and 16, respec-
tively) was associated with a rapid decline and death within
6 weeks, especially in patients less than 5 years of age. Of the
48 patients, 32 did not have manifestations of HLH, and in this
group 5 died, thereby giving a survival of 84.4% with a mean
follow-up in this group of 11.6 years. For those untransplanted
patients who survive, 70% received replacement immunoglobulin
therapy, with few suffering from long-term complications. Only
5 patients have recorded complications, including 1 with recurrent
infection, 1 with neutropenia, 1 with bronchiectasis, and 2 boys
with gastrointestinal disease and growth delay.

Supplemental Table 2 compares the demographics between
transplanted and untransplanted patients. No significant differences
were seen between the 2 populations other than mortality, which
was twice as high in the untransplanted cohort (P < .05). Age of
death was lower in transplanted patients and may reflect the more
severe course that may have led to the need for HSCT.

Discussion

This report summarizes data on 91 patients from 64 families
worldwide with a genetic diagnosis of XLP1 and provides informa-
tion on outcome with and without allogeneic HSCT using current
treatment protocols (summarized in Figure 3). This report is the
first large-scale analysis of XLP1 patients since the report by the
XLP1 registry in 1995 and has for the first time gathered patients
who have confirmed SAP/SH2DIA mutations. Therefore this
report represents a genetically homogeneous cohort and avoids
possible phenotypic variability through inclusion of other patients
with genetic defects such as XIAP/BIRC 4 mutations.

The clinical features of the disease are similar to those reported
by the XLPI1 Registry, with HLH and FIM remaining the most
common and most lethal complication. With the advent of more
accessible genetic screening and mutation analysis confirming the
diagnosis, more patients have been diagnosed early on the basis of
family history and increased awareness of the disease has also led
to patients being diagnosed after presentation with immune dysregu-
lation and more unusual presenting features such as vasculitis.

A diagnosis of XLP1 is still a difficult one to make, and it is
possible that some patients mistakenly fall under the umbrella of
common variable immunodeficiency, although previous genetic
screening studies suggest that the incidence of XLP1 patients in

J 2 unknown }

common variable immunodeficiency cohorts is low.3? It is also
possible that there are older individuals who present in adulthood
and have not been identified and included in this study, and this
may result in a bias in the method of data collection as the majority
of centers approached to contribute data were specialist pediatric
centers. For example, a recent case report describes a 41-year-old
man who presented with an EBV-induced central nervous system
B-cell lymphoma and absent B cells.?* The oldest surviving patient
from this cohort presented at the age of 7 years with recurrent
infections and hypogammaglobulinemia, but remains well without
transplant and is receiving replacement immunoglobulin therapy at
46 years of age.

The prognosis for XLP1 has greatly improved since 1995, when
Seemayer et al® reported an overall survival of 25% survival with
71.4% of patients in this cohort alive at the time of data analysis.
Indeed, the mortality in untransplanted patients was lower than we
expected, with 62.5% surviving, including 3 boys who presented
with HLH, but the mortality in this group secondary to HLH
remains high at 81.3%. It is also interesting to note that a
considerable mortality of 28.6% is seen in EBV-negative patients
who do not receive HSCT and is related to HLH, sepsis, and
vasculitis, suggesting that underlying immunological abnormalities
in XLP1, and not only EBV-driven disease, can be fatal. Few complica-
tions from recurrent infection and immune dysregulation were reported,
suggesting that early diagnosis and good supportive care with replace-
ment immunoglobulin and prophylactic antibiotics can improve the
outcome for untransplanted patients. Although over 60% of patients
survive without HSCT, it will be important to follow patients carefully,
since there is the potential for more severe manifestations to arise, and
the options for transplant should be explored.

The mortality associated with the different clinical phenotypes
has changed over time, with an improved survival for both HLH
(34.5% vs 4%) and lymphoma (91% vs 35%).?> This most likely
reflects improved treatment strategies for both HLH (especially the
use of agreed protocols such as HLH 94% and 2004%) and malignancy.
Although these figures represent survival with either HLH or lymphoma
as features of XLP1 at any stage, they are very similar to the survival
seen if patients present with these features (44.5% and 92% for
HLH/FIM and lymphoma, respectively). A mortality of 13% in patients
who exhibit dysgammaglobulinemia is associated with HLH, infection,
vasculitis, and hemorrhage and highlights that although clinically this
phenotype may be milder, it is not an innocuous phenotype, and
progression to further fatal symptoms is not uncommon.

The outcome data following allogeneic HSCT from this report
is encouraging. The outcome data presented is the largest ever
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gathered and shows that approximately 80% of patients survive the
procedure with complete cellular and humoral reconstitution in the
large majority of cases. In this series, there is little evidence of
problematic EBV reactivation adversely affecting transplant out-
come and no increased incidence of long-term complicating
features such as autoimmunity in comparison to transplant for other
conditions.’”-% Although donor chimerism in the majority of
patients was complete, even low level chimerism in 2 patients with
5% and 20% donor chimerism was associated with good immune
recovery. Conversely however, when the patients who required
ongoing immunoglobulin support are analyzed, all but 1 have
100% donor engraftment. Further detailed lineage-specific analysis
and study of T- and B-cell function in these patients is necessary to
determine why humoral function has not been established. The
availability of a fully matched donor is associated with an
improved survival outcome (approximately 92%), although with
the present low numbers this is not statistically significant.
Haploidentical grafts show a good outcome in this cohort, but the
numbers are extremely low (only 4 transplants performed), and
therefore this information needs to be interpreted with caution.

The most important factor affecting survival after transplant is a
manifestation of HLH, which significantly reduces survival to
50%. Indeed all 8 patients who died had a complication of HLH at
some point in their clinical course. This may reflect the effects of
HLH itself or HLH chemotherapy and immunosuppression on the
transplant process, including increased organ related toxicity and
increased susceptibility to pathogens. In comparison to data
reported on cohorts of patients undergoing transplant for HLH
associated with other gene defects (eg, perforin and munc 13-4)3%-41
it appears that the outcome for HLH associated with XLP1 is worse
and may relate to the multiple immune deficits associated with SAP
deficiency. By contrast all XLP1 patients who had no HLH
manifestations (n = 27) survived the HSCT procedure.

These data may now allow more informed recommendations to
be made regarding transplantation in XLP1. It is clear from this
report that HLH in XLP1 has a very poor prognosis if left
untransplanted. Therefore any individual with HLH as a manifesta-
tion of XLP1 should undergo allogeneic HSCT.

For patients who are newly diagnosed because of a family
history but with no clinical features or for those who present with
manifestations other than HLH/FIM, the decision to transplant a
relatively well child has been more challenging. An important
observation from this report is that all patients (n = 27) who went
into transplant without prior HLH survived the procedure in
comparison to 84.4% survival for those who are untransplanted and
have not manifested with HLH. Since progression to HLH without
transplant may occur at a later stage, there is a strong argument to
transplant all individuals with a diagnosis of XLP1.

However, there is a counter argument to such a recommenda-
tion. As with other immunodeficiencies, the data collected and
presented here may not give a complete picture of the natural
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course of XLP1 and is a historical cohort study conducted before
the advent of recent improved therapies. Further, milder patients
may also remain undiagnosed having been labeled with a diagnosis
of common variable immunodeficiency. It is also the case that HLH
is most often seen in younger patients (median age of presentation
3.2 years) and older individuals are less likely to manifest with
HLH. There may also be reluctance on the part of families and
physicians to undertake a transplant in a well child given that, even
in the best-case scenario, there will be a certain mortality associ-
ated with any allogeneic transplant procedure.

A more pragmatic recommendation would be to undertake
transplant in all patients presenting or manifesting with HLH.
Similarly for newly diagnosed or young children without any HLH,
if a well-matched donor is available, HSCT should be undertaken,
since a manifestation of HLH may be catastrophic or may severely
compromise transplant outcome. For older individuals, we would
still recommend that HSCT be undertaken, but this decision to
transplant should be based on available donor status, wellbeing of
the patient, and the attitude of family and physician to the risk of
transplant. If HSCT is not undertaken immediately, it is recom-
mended that a donor source is identified and that all patients
are followed very carefully in case of disease progression and
onset of other manifestations, at which point HSCT could be
performed rapidly.
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CBL mutation in chronic myelomonocytic leukemia secondary to familial platelet
disorder with propensity to develop acute myeloid leukemia (FPD/AML)
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Familial platelet disorder with a propensity
to develop acute myeloid leukemia (FPD/
AML) is a rare autosomal dominant disease
characterized by thrombocytopenia, abnor-
mal platelet function, and a propensity to
develop myelodysplastic syndrome (MDS)
and AML. So far, > 20 affected families have
been reported. Recently, a second RUNXT
alteration has been reported; however, no

additional molecular abnormalities have
been found so far. We identified an acquired
CBL mutation and 11g-acquired uniparental
disomy (11g-aUPD) in a patient with chronic
myelomonocytic leukemia (CMML) second-
ary to FPD with RUNXT mutation but not in
the same patient during refractory cytope-
nia. This finding suggests that alterations of
the CBL gene and RUNX1 gene may cooper-

ate in the pathogenesis of CMML in patients
with FPD/AML. The presence of CBL muta-
tions and 11g-aUPD was an important “sec-
ond hit” that could be an indicator of leuke-
mic transformation of MDS or AML in
patients with FPD/AML. (Blood. 2012;
119(11):2612-2614)

Introduction

Familial platelet disorder with a propensity to develop acute
myeloid leukemia (FPD/AML) is a rare autosomal dominant
disease characterized by thrombocytopenia, abnormal platelet
function, and a propensity to develop myelodysplastic syndrome
(MDS) and AML..1? Since Song et al reported haploinsufficiency of
the RUNXI/CBFA2 gene,® more than 20 affected families have
been reported.*$ Notably, various types of mono-allelic mutations
of the RUNXI gene have been found in patients with AML
secondary to FPD.3™ RUNXI, which is a key regulator of
definitive hematopoiesis and myeloid differentiation, is also com-
monly involved in sporadic cases of MDS and AML, by transloca-
tions in AML! and by point mutations in AML!"12 and MDS.!3
Recently, a second RUNX] alteration has been reported®; however,
no additional molecular abnormalities have been found so far.

In this regard, recent reports of somatic mutations of the CBL
proto-oncogene in myeloid neoplasms are intriguing because
these CBL mutations have been shown to result in aberrant
tyrosine kinase signaling, which would also lead to the activa-
tion of RAS signaling pathways. So far, we and others have
reported that CBL mutations occurred in a variety of myeloid
neoplasms, including de novo AML,'*1> MDS, 417 and myelopro-
liferative neoplasm,!'%!7 especially in chronic myelomonocytic
leukemia (CMML)!®!7 and juvenile myelomonocytic leuke-
mia.'$ The importance of CBL mutations for leukemogenesis has
substantially increased, which prompted us to search for pos-
sible CBL mutations in this pedigree.

Here, we reported that CBL mutation developed at the time of
diagnosis of CMML, but not during refractory cytopenia, in a
Japanese patient with FPD/AML harboring a RUNXI mutation.

Methods
RUNX1 mutation analysis

DNA and RNA were extracted from peripheral blood (PB) of the proband, her
sister, and their mother after obtaining informed consent. We performed mutation
analysis of the RUNX! gene by PCR followed by direct sequencing with the use
of an ABI PRISM 310 Genetic Analyzer (Applied Biosystems). For further
confirmation of deletion mutations, the PCR products were subcloned with the
use of a TOPO TA Cloning Kit (Invitrogen) and then sequenced. Mutations were
screened from exons 1-8 of the RUNX/ gene.

CBL mutation analysis

Because CBL mutations thus far reported almost exclusively involved exons 8-9
that encode Linker/RING finger domains, we confined our mutation analysis to
these exons, which were subjected to direct sequencing. Because the frequency of
l1g-acquired uniparental disomy (11g-aUPD) was reported as ~ 85%-90% in
CBL mutations, we also analyzed the sample with Affymetrix GeneChip 250K
NspL'1 Genome-wide detection of copy number abnormalities or allelic
imbalances was performed with CNAG/AsCNAR Version 3.0 software (http:/
www.genome.umin.jp), which enabled sensitive detection of copy number
neutral loss of heterozygosity (or aUPD).! In addition, we examined mutations
of the following genes in the proband as previously reported: FLT3, KIT, RAS,
JAK2, PTPNI1, ASXLI, IDHI/2, and MPL**? The study adhered to the
principles of the Helsinki Declaration and was conducted under the regulations
enacted by the Ethics Board of Gunma Children’s Medical Center.

Results and discussion

The proband (I11-2), who was the second child of nonconsanguine-
ous parents, underwent an 8-year follow-up of mild to moderate
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Figure 1. The family pedigree. Squares indicate males
and circles indicate females. Open symbols represent
unaffected persons, half-filled symbols represent persons l
affected by thrombocytopenia, and closed symbols repre-
sent persons affected by FPD who developed MDS/AML.
The proband (11-2) is indicated by an arrow.
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thrombocytopenia (50-80 X 10%/pL), and at that age of 10 years,
her condition was diagnosed as refractory cytopenia. Cytogenetic
analysis found a normal karyotype, and FISH showed neither
monosomy 7 nor trisomy 8. The proband had been closely observed
without any therapy for 2 years and 9 months because she did not
require transfusion and her disease remained stable; however, at the
age of 12 years, leukocytosis and monocytosis developed and she
became dependent on platelet transfusions. Finally, the disease
evolved to CMML, and allogeneic bone marrow (BM) transplanta-
tion from an unrelated donor was performed. During the entire
course, the number of blast cells in PB was constantly < 2%, and
no additional symptoms were observed, such as hepatospleno-
megaly. Her elder sister (III-1) was also followed for 10 years with
mild thrombocytopenia; however, the morphologic findings of PB
or BM were not compatible with myeloproliferative neoplasms.!’
Because her platelet count has been gradually decreasing, alloge-
neic BM transplantation is being considered. Although her father
(I1-4) developed MDS at the age of 41 and died 2 years later, her
paternal aunt (II-2) developed MDS at the age of 49 and has
remained in complete remission for 11 years after successful
allogeneic cord blood transplantation. Her paternal grandfather
(I-1) and uncle (II-1) also had a history of thrombocytopenia
(Figure 1). Direct sequencing analysis of RUNX! found a one-base
deletion of adenine at position 2364 within exon 7, resulting in a
frameshift mutation that corresponded to AML1b transcript in the
proband and her sister (Figure 2A). This resulted in a frameshift
after amino acid change G262GfsX21. This mutation was not
detected in their mother. All these data suggested that her paternal
grandfather (I-1), uncle (II-1), aunt (I1I-2), and her father (II-4) were
considered to have FPD/AML, carrying the same RUNXI mutation.

Although no CBL mutations were found in the proband sample
of refractory cytopenia before development of CMML, homozy-
gous mutation of the CBL, which was located in the splice acceptor
site of intron 8 (Figure 2B), was identified in the proband sample in
the CMML. We also found 11q-aUPD (Figure 2C) in the proband
sample, confirming a strong association of CBL mutations with
11q-aUPD, as previously described!!8; however, no mutations of
any other genes, including FLT3, KIT, RAS, JAK2, PTPNII,
ASXLI, IDH1/2, and MPL, were found and no additional somatic
RUNXI alterations. No CBL mutations were found in her sister’s
sample at this time.

Inherited RUNXI mutations were clustered in the N-terminal
region in exons 3-5, which affect the runt homology domain.
Mutations in the C-terminal region, detected in the present

1 2 3 4 5 6
1]
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v

pedigree, have been reported less frequently so far and are
considered to affect the transactivation domain (Figure 2D).

A B

mother (11-5) Wild type
(wild type)

TACCTQOGATCCAT T

o

CT GUAGG AATCAGAAGG

intron 8\. exon 9 o

CTGC%GG AATCAGAAGC

Proband A>G W 1\/\
Proband (1ll-2)
TACCT GGG AT CAT
C .
WM\AM/\ 53
Sister (lll-1)
TACCTGGGACCATY
{
D , \
€ N terminal =€ C terminal me—————
Runt homology Transactivation
d d i
LD198Y

A28st81 Kase R1 77X G336sX227

A20E R177Q Q308fsX259

R174X F303fsX262

K90fs (3) F302[sX203

R174Q R292X
D171y G2621aX21
A107P
T148f, Y260X
R139Q 148fsX9
R135fsX42 P218fsX7

Figure 2. Mutation analysis of RUNXT and CBL genes in the pedigree. (A) Direct
sequencing analysis of affected patients (lli-1, 111-2) and an unaffected family member
(1-5) is shown. Arrow indicates a one-base deletion of adenine. (B) Mutated CBL is
shown in the proband. (C) Identification of acquired uniparental disomy of 11qin the
proband. Total copy number (ICN; red plot) is shown above the cytoband, and
the results of allele-specific copy number analysis with anonymous references
(AsCNAR) plots are shown below the cytoband. Larger allele is presented by a red
line, and the smaller allele is presented by a biue line. Allele-specific analysis showed
11g-aUPD (blue line), which contained the CBL region (arrow). (D) Schematic
representation of wild-type and mutated RUNX1. The affected ARUNXT is truncated at
the C terminus of the transactivation domain (TAD). Part of TAD is lacking in this
proband (red line).
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It has been postulated that disruption of the RUNXT gene is not
sufficient to cause AML, as previously reported with monoallelic
and biallelic inactivation of Runx/ in mice*?* and in mice carrying
the knocked-in Runx-Eto chimeric gene. These data indicate that a
second-hit mutation in addition to the dysfunction of RUNXI is
required for the development of AML. Minelli et al postulated that
the mutations seen in FPD cases have a mutation effect that induces
additional genetic abnormalities and promotes progression to
hematologic malignancies.?

Marked associations between chromosome translocation and
gene mutations have been reported: KIT mutation in core
binding leukemia, t«(8:21)/AMLI-ETO and inv(16)(p13q22)/
CBFB-MYHI1I, FLT3-ITD in leukemia with t(15;17)/PML-
RARa, or with t(6;9)/DEK-CAN. We consider that it is important
to find an association to administer clinically relevant treatment.
In addition to the germline RUNXI mutation, we identified an
acquired CBL mutation in the proband and assumed it to be a
second hit mutation by which FPD evolved into CMML. To our
knowledge, this is the first patient with FPD/AML in whom CBL
mutation has developed. This finding suggests that alterations of
the CBL gene and RUNX1 could cooperate in the pathogenesis
of CMML or AML in patients with FPD/AML. The presence of
11q-aUPD provided evidence that loss of the wild-type copy of
CBL with duplication of the mutant copy was an important
second hit that could be an indicator of leukemic transformation
in patients with FPD/AML.
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CBL mutations in infant acute lymphoblastic leukaemia

Infant acute lymphoblastic leukaemia (ALL) is relatively rare,
occurring in approximately 2:5-5% of cases of childhood ALL
(Biondi et al, 2000). Infant ALLs are much more likely to
present with high leucocyte counts, hepatosplenomegaly and
overt central nervous system (CNS) diseases (Taki et al, 1996).
T cell phenotype is much less common in infants, while
myeloid antigen co-expression and the absence of CD10
expression are more frequent in infants than in older children
with ALL. When molecular techniques [such as fluorescence
in situ hybridization (FISH) or Southern blot analysis] are used
in addition to karyotype, MLL gene rearrangements (MLL-R)
are found in 70-80% of infant ALL compared with only 2-4%
of older children with ALL (Taki et al, 1996; Biondi et al,
2000). Thus, infant ALL appears to be biologically distinct
from the disease in older children (more than 1 year old).

In this regard, recent reports of somatic mutations of the
CBL proto-oncogene in myeloid neoplasms are intriguing,
because these CBL mutations were shown to result in aberrant
tyrosine kinase signalling, which also leads to activation of RAS
signalling pathways. So far, we and others have reported that
CBL mutations occur in a variety of myeloid neoplasms,
including de novo acute myeloid leukaemia (AML) (Caligiuri
et al, 2007), myelodysplastic syndrome (MDS), and myelo-
proliferative neoplasm, especially in chronic myelomonocytic
leukaemia (CMML) (Sanada er al, 2009), and juvenile myel-
omonocytic leukaemia (JMML) (Shiba et al, 2010). The
importance of CBL mutations regarding leukaemogenesis is
substantially increased. Recently, we found CBL mutation in
therapy-related AML with MLL-R (Shiba et al, 2011). Inter-
estingly, the MLL-CBL fusion gene has been reported in a
de novo AML case (Fu et al, 2003), and this prompted us to
search for possible CBL mutations in infant ALL with MLL-R.

Because CBL mutations thus far reported were almost all
clustered within exons 8-9 that encode Linker/RING finger
domains (Caligiuri et al, 2007; Sanada et al, 2009; Shiba et al,
2010), we confined our mutation analysis to these exons, in
which polymerase chain reaction-amplified exons 8-9 were
subjected to direct sequencing using an ABI PRISM 310
Genetic Analyser (Applied Biosystems, Branchburg, NJ, USA).
The study adhered to the principles of the Helsinki Declara-
tion, and was conducted under the regulations enacted by the
Ethics Board of Gunma Children’s Medical Centre.

CBL gene analysis was performed in 41 infant ALL patients
in which MLL-R was found in 33 patients (80-5%), including
15 patients with t(4;11)(q21;q23), 4 with t(9;11)(p22;q23) and
5 with t(11;19)(q23;p13.3). Median age at diagnosis was 4-7
months (range, 0-12 months). We also performed CBL gene

© 2011 Blackwell Publishing Ltd, British Journal of Haematology
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mutation analysis in 28 B cell precursor (BCP)-ALL patients
(age range, 1-14 years).

Heterozygous mutations of the CBL gene were identified in
2 (49%) of 41 infant ALL patients, but not in older children
with BCP-ALL. These were located in exon 8 (Fig 1). One
patient was a 3-month-old female with t(4;11)(q21;q23) and
the other patient was a 6-month-old male with
t(11;19)(g23;p13.3). They were registered and treated on two
Japanese infant leukaemia protocols, MLL96 and MLL98
respectively (Isoyama er al, 2002; Kosaka etal, 2004).
Although strong association between CBL mutations and
11g-acquired uniparental disomy (aUPD) has been reported
(Sanada et al, 2009), we did not perform the single nucleotide
polymorphism array analysis due to lack of DNA.

MLL-R are more frequent in younger infants; up to 90% of
infant ALL less than 6 months old at diagnosis have detectable
MLL-R compared with 30-50% of infant ALL aged 6-12
months (Taki et al, 1996). MLL-R ALL has a characteristic
gene expression profile that significantly differs from that of
non-MLL-R BCP-ALL and of AML, confirming that MLL-R
ALL is a biologically unique leukaemia subtype. Thus, the
distinctive presenting features and clinical behaviour of infant

Patient 7. 1120 A>G (M374V)
4
ACTGTGAGATGGGCTCC

Patient 21. 1 ;59 A>G (D390G)

GATAAGGAT GTAAA GA’

Fig 1. Identification of CBL mutations. Heterozygous mutations of the
CBL gene were identified in Patients 7 and 21.
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ALL appear to be primarily due to the high frequency of MLL-R
in this age group. However, outcome data comparing infant
and non-infant patients with MLL-R suggest that there may be
other factors which impact the prognosis of infant ALL. Both
of the patients with CBL mutations were diagnosed before
6 months of age. In our previous report, all of three cases with
CBL mutation developed JMML before 4 months of age (Shiba
et al, 2010). These data suggested that CBL mutation may have
a strong association with very early onset disease. CBL
mutations have been reported as germline mutations in JMML
(Niemeyer et al, 2010). Unfortunately, we could not investi-
gate whether the mutations in our cases were germline
mutations or not, because somatic cells were not available.

CBL mutations have been found in approximately 5% of
2000 samples from patients with myeloid neoplasms, including
AML transformed from MDS. Gene aberrations in addition to
MLL-R have rarely been reported in infant ALL. No reports of
ALL with CBL mutations have so far been reported, suggesting
that the pathogenesis of infant ALL is different from paediatric
or adult ALL. To our knowledge, this is the first report of
infant ALL patients with 11q23 translocation/MLL-R and CBL
mutations. The present study suggests that alterations of CBL
gene and MLL-R may cooperatively play a pathogenic role in
the development of infant ALL with MLL-R.
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