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To the Editor

Deficiency of adenosine deaminase 2 (DADAZ2) is a recently
described inborn error of immunity caused by biallelic delete-
rious mutations in adenosine deaminase 2 (ADA?2) gene (for-
merly known as CECRI). It is an auto-inflammatory disorder
characterized by fevers and vasculopathy, ranging from livedo
racemosa over Raynaud phenomenon and digital necrosis to
lacunar ischemic stroke. Cytopenia (e.g., pure red cell aplasia),
mild immunodeficiency, and chronic liver disease are also part
of the phenotype [1]. Over 170 DADA?2 cases have been re-
ported; however, the pathophysiology of DADA?2 is still ill
defined [2, 3]. Adenosine deaminase 2 (ADA2) may play a
role in endothelial integrity and induces differentiation of
monocytes into macrophages. Steroids, cyclosporine, tacroli-
mus, azathioprine, and mycophenolate mofetil have been un-
successful in controlling the disease. The mainstay of treatment
is TNF-inhibition with etanercept/infliximab/adalimumab as it
controls fever and vasculopathy and prevents further strokes.
Recently, hematopoietic stem cell transplantation (HSCT) has
been shown to be a definitive cure of vascular, hematological,
and immunological manifestations [4].
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With male predominance, Hodgkin lymphoma (HL)
represents only 6% of childhood cancer. Risk factors of
HL include a history of Epstein-Barr virus (EBV) infec-
tion, high standard of living in early childhood, underlying
congenital or acquired immunodeficiency disorders, auto-
immune diseases, and rare hereditary syndromes. Familial
HL accounts for 4.5% of HL cases and can be ascribed to
genetic susceptibility and shared environmental factors.
The usual presentation of HL is with painless cervical
lymphadenopathy and mediastinal mass. Subdiaphragmatic
presentation is rare and hepatosplenomegaly is associated with
advanced HL [5].

The association of DADA2 with lymphoproliferation is
well known (Table 1); splenomegaly and lymphadenopathies
have been described in 30% and 10% of cases, respectively.
Autoimmune lymphoproliferative syndrome (ALPS) like dis-
ease has been reported in several cases. A single patient with
multicentric Castleman disease was shown to have DADA2.
Moreover, T cell large granular lymphocyte leukemia (T-
LGL) like condition was associated with DADA2. Springer
et al. reported an adult patient with DADA2 who suffered
from HL during early childhood. However, no details were
available on the HL episode [5, 17, 18].

Herein, we describe two siblings with DADA2 who pre-
sented with familial HL. The first patient (P1) is the third child
of Saudi first-degree cousin parents. At the age of 5 years, P1
was referred for investigation of hepatosplenomegaly. He was
otherwise well with growth along the fifth centile. Complete
blood count (CBC) showed mild lymphopenia; other lab re-
sults were normal (Table 2). A few months later, he developed
non-tender mobile cervical lymph nodes enlargement. Viral
serology, including EBV, was negative. Histopathological ex-
amination of excisional cervical lymph node biopsy revealed
the diagnosis of HL, mixed cellularity type without other his-
tological features suggestive of other than HL. Bone marrow
(BM) biopsy was done as work up for HL and confirmed
absence of malignant BM invasion.

P1 was staged as HL I1IB and started on intermediate risk
protocol ABVE-PC (doxorubicin, bleomycin, vincristine,
etoposide, prednisone, and cyclophosphamide). However,
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Table 1 Reports of
lymphoproliferation associated

Lymphoproliferative manifestation [reference]

DADA2 patients affected  Associated mutation

with DADA2
Splenomegaly + lymphadenopathy
[2, 4, 6-16]

Autoimmune lymphoproliferative like

disorder [6, 13]
T-LGL [14]
Castleman disease [17]
Lymphoma [18]

+30% A109D/Y453C
G47A/Y453C
R169Q/deletion
G47A/H112Q
R169Q/Y453C
MIT/A93T
G47R/G47R
R169Q/R169Q

Homozygous 22q11.1 deletion
(IL17RA and ADA2)

V458D/V458D
C408Y/c.542+1G>A
R169Q/M243R
¢.973-1G>A/c.973-1G>A
H112Q/H112Q
R49Afs*13/R49Afs*13
D261Pfs*2/D261Pfs*2
N370K/G358R
Y220X/Y220X
R491s/R169Q
R169Q/MIT
G47V/H112Q
G49fs/splice site
RI169Q/L311R
c.882-2A>G/c.882-2A>G
R169Q/R169Q
R169Q/R169Q
G47R/G47R
¢.973-2A>G/V458D

Reported in 2 patients

Reported in 2 patients
Reported in 1 patient
Reported in 1 patient

re-evaluation of HL after 2 cycles of chemotherapy revealed
slow early response, for which treatment was upgraded to
chemotherapy DECA (dexamethasone, etoposide, cisplatin,
cytarabine) making a total of 6 cycles, in addition to involved
field radiation therapy. HL therapy was complicated by mul-
tiple febrile neutropenia episodes and chest infections. Three
months after finishing HL therapy, mild splenomegaly
persisted and the patient suffered from moderate pancytopenia
necessitating regular transfusions. Malignancy was excluded
by BM examination and positron emission tomography-
computed tomography study. Results for viral blood PCRs
as well as inherited BM failure gene panel were negative.

P1 was then started on prednisone 2 mg/kg/day, which
resulted in regression of splenomegaly and decreased need
of transfusions. However, steroids could not be weaned and
he remained on prednisone 0.5 mg/kg every other day. His
condition was complicated by recurrent infections in the form
of chest infection, cellulitis, and skin abscess around the port-
a-catheter that were treated with intravenous antibiotics.

Immunological evaluation then revealed
hypogammaglobulinemia. Whole exome analysis identified
(at Centogene laboratory) a homozygous variant in ADA?2
gene c.1447 1451del, (p.Ser483Profs*5). This variant was
private and predicted pathogenic by SIFT, PolyPhen2,
AlignGVD, Mutation Taster, by creating a shift in the reading
frame resulting in a premature stop codon. The variant was
confirmed by Sanger sequencing and also detected in the sib-
ling of the index patient in a homozygous state. Functional
validation by dried plasma spot assay of ADA2 enzyme ac-
tivity revealed undetectable level compatible with ADA2 de-
ficiency. Magnetic resonance imaging did not show brain vas-
culopathy. P1 remained stable for 3 years on small dose of
prednisone, monthly intravenous immunoglobulin (IVIG) and
Pneumocystis jirovecii (PJ) prophylaxis. He then showed low-
er blood counts (anemia, thrombocytopenia, and lymphope-
nia), persistent splenomegaly and failure to thrive, in addition
to chronic lung disease. After confirmation of DADAZ2,
etanercept 5 mg/kg/week was started to control disease
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Table 2 Laboratory findings of

both patients Investigations at presentation P1 P2 Age adjusted reference range
Peripheral blood cell counts
White blood cells 45 3.8 5-14.5x 101
Neutrophils 26 1.5 1.6-9x 10°1
Lymphocytes 12 1.7 22-9.8x10%1
Hemoglobin 8.8 10.5 11.5-15.5 g/l
Platelets 225 181 150-450 x 1071
Liver function tests
Total bilirubin 23 4 0-17 umol/l
Alanine transaminase 32 39 2-40 u/l
Alkaline phosphatase 236 253 0-269 u/l
EVB serology (anti-EBNA)
EBV IgG antibodies Positive Positive N/A
EBV IgM antibodies Negative Negative N/A

Investigations at diagnosis of DADA2

ADA? activity
Immunoglobulin levels

IgG

IgA

IgM

Undetectable Undetectable 57.7-271 mU/g protein
0.6 5.72 6.6-16.2 g/l

<02 0.37 0.5-2.5 g/l

1.1 <02 0.45-2.44 g/l

N/A not applicable

progression. Given limited time of treatment, we cannot com-
ment on control of the cytopenia.

Nine months after the diagnosis of P1, his younger brother
(P2) presented at the age of 5 years with hepatosplenomegaly
and generalized lymphadenopathy (Table 2). Lymph node bi-
opsy revealed the histopathological diagnosis of classical HL,
lymphocyte-rich subtype without other than features of HL.
BM study was negative for malignancy. Compared to P1,
staging of HL in P2 identified a stage IIIA HL. Hence, che-
motherapy (ABVE-PC protocol) without radiotherapy was
given for 4 cycles and showed rapid early response. Similar
to his sibling, whole exome analysis identified the same mu-
tation (a homozygous variant in ADA2 gene c.1447 1451del).
This variant was again confirmed by Sanger sequencing and
also for him, dried plasma spot analysis of ADA2 enzyme
activity showed undetectable level. Other homozygous vari-
ants of unknown significance common to the two patients are
listed in the supplement (Table E1). After the diagnosis of
DADAZ2, screening for serum immunoglobulin levels showed
hypogammaglobulinemia. P2 remains in remission of HL af-
ter chemotherapy and free of infection or inflammatory signs.
Therefore, he is not on IVIG or anti-TNF-alpha until the time
of writing the paper.

These cases are interesting for several reasons. First, we
present a novel mutation causing DADA2. More importantly,
this is the first detailed description of HL in DADA2. Given
that lymphoproliferation is an important phenotype in
DADAZ2 and given the previous note of a single case of
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childhood HL [18] and T-LGL, we hypothesize that the link
between DADA2 and HL is likely to be causative. WES failed
to identify any other pathological or likely pathological muta-
tions to the two patients. In addition to that, the pedigree was
not suggestive of a second independent disease in the family
although indeed in a highly consanguineous background this
might be the case. Moreover, the publication of another patient
[18] and the fact that various “benign” lymphoproliferative
conditions are part of the DADA2 phenotype, suggests that
this rare childhood malignancy is indeed related to DADA2.
The site of the mutation is located near the end of the protein.
Although we did not test the expression of the protein or any
truncated form, the ADA2 enzyme activity was absent in plas-
ma suggesting a deleterious effect. The plasma enzymatic ac-
tivity assay for ADA?2 is at present a widely accepted test for
establishing disease. Also, undetectable level of ADA?2 is like-
ly to be associated with more severe disease manifestations.
However, a true phenotype-genotype correlation has not been
established up until now.

Unfortunately, the precise physiological role of ADA2 and
hence the pathophysiology of DADAZ2 is at present still enig-
matic. FAS-mediated apoptosis has been tested in a limited
number of patients [2]. Therefore, it is hard to hypothesize
on the pathogenesis of lymphoproliferation or HL in
DADAZ2. The presentation with different forms of HL and
subdiaphragmatic involvement at a young age as well as the
uncommon course with many infectious complications and
development of cytopenia raised suspicion and led to
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identification of DADAZ2. It is a matter of debate if the patient
should be listed for HSCT. Indeed HSCT is a hazardous yet
potentially curative treatment in refractory cytopenia in
DADAZ? [4]. Further studies are needed to establish whether
long-term anti-TNF treatment will be able to prevent malig-
nant lymphoproliferation in DADA?2.

In summary, we report familial HL in two children with a
novel deleterious mutation in ADA2 and alert the hemato-
oncologist to the possibility of DADA?2 as an underlying di-
agnosis in childhood HL. Judicious exclusion of DADA?2 is
indeed warranted in familial HL and in the HL patient with an
aberrant course and additional symptoms/signs, as it is poten-
tially important both for genetic counseling as well as for
optimal treatment.
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