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In the United States the regulation of nonstandardized AEs
presented some similarities with our approach. AEs were classified
into 4 categories according to scientific data supporting their use in
diagnosis and treatment, and the extracts were regularly evaluated
by theregulatory agencies. The last update was conducted between
2003 and 2011, and the process was recently reviewed by Slater
et al.' It was shown that for nearly half of nonstandardized AEs
there were, in fact, little or no data to support their effectiveness.
‘We had similar results: 66 of 84 AEs were validated for diagnosis,
but only for 29 of 66 was there at least 1 published piece of data to
support their effectiveness for immunotherapy (Table I). Among
those 66 authorized AEs, approximately one third are standard-
ized. There is no consensus about the standardization methods,
and the European approaches present some differences compared
with the US approach (see Table E1 in this article’s Online Repos-
itory at www.jacionline.org). Briefly, in-house reference prepara-
tion (IHRP) AEs are standardized in vivo and in vitro. Each
manufacturer has its own IHRP, and there is no national standard.
Batch-to-batch standardization is performed in vitro through a
comparison of the AEs with the [HRP.’

In the future, the NPP list will be updated every 5 years, and
requests for MA will be made and processed for standardized AEs
produced industrially and frequently used for immunotherapy.

In conclusion, for the first time in Europe, this work guarantees
that available AEs are clinically relevant and safe. Moreover, it
guarantees that all AEs comply with recent European guidelines
on APs, including rare allergens for which it is not possible to
obtain large clinical studies requested for MA. The process
involved all the representatives of allergists and manufacturers
and is still ongoing.
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Common variable immunodeficiency classifi-
cation by quantifying T-cell receptor and
immunoglobulin k-deleting recombination
excision circles

To the Editor:

Common variable immunodeficiency (CVID) is the most
frequent primary immunodeficiency associated with hypogam-
maglobulinemia and other various clinical manifestations. CVID
was originally reported to be a disease primarily caused by
defective B-cell function, with defective terminal B-cell differ-
entiation rendering B cells unable to produce immunoglobulin.
However, combined immunodeficiency (CID) involving both
defective B and T cells is often misdiagnosed as CVID." Indeed,
one study reported that CD4™ T-cell numbers were decreased in
29% of 473 patients with CVID?; similarly, another study found
that .naive T-cell numbers were markedly reduced in 44%
(11/25) of patients with CVID.® These observations indicated
that a subgroup of patients with clinically diagnosed CVID is
T-cell deficient. Consistently, some patients with CVID have
complications that might be related to T-cell deficiency, including
opportunistic infections, autoimmune diseases, and malignancies,
which is similar to that observed in patients with CID."* There-
fore identifying novel markers to better classify CVID and distin-
guish CID from CVID will be required to best manage medical
treatment for CVID.

We recently performed real-time PCR-based quantification of
T-cell receptor excision circles (TREC) and signal joint immu-
noglobulin k-deleting recombination excision circles (KREC)
for mass screening of severe combined immunodeficiency
(SCID)® and B-lymphocyte deficiency® in neonates. TREC and

KREC are associated with T-cell and B-cell neogenesis, respec-

tively.” Here we retrospectively report that TREC and KREC
are useful for classifying patients with clinically diagnosed CVID.

Hypogammaglobulinemic patients (n = 113) were referred to
our hospital for immunodeficiency from 2005-2011, and the
following patients were excluded from the CVID pool by
estimating their SCID genes based on clinical manifestations
and lymphocyte subset analysis: 18 patients with SCID diagno-
ses; 14 patients less than 2 years of age (transient infantile
hypogammaglobulinemia); 10 patients with IgM levels of greater
than 100 mg/dL (hyper-IgM syndrome); 26 patients with diseases
other than CVID caused by known gene alterations (10 with
X-linked agammaglobulinemia and 11 with hyper-IgM syndrome
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FIG 1. Quantifying TREC and KREC classifies patients with CVID into 4
groups. Patients with CVID were classified as follows: TREC(+)/KREC(+),
group A (19 patients); TREC(+)/KREC(—), group B (7 patients); TREC(-)/
KREC(+), group C (8 patients); and TREC{—)/KREC(-), group D (6 patients).
Undetectable, Less than 100 copies/pg DNA.

[CD40L or AICDA mutated]), (2 with DiGeorge syndrome, and 3
with FOXP3, IKBKG, or 6p deletions); and 5 patients with drug-
induced hypogammaglobulinemia. The remaining 40 patients
with decreased IgG (>2 SDs below the mean for age), IgM,
and/or IgA levels, as well as absent isohemagglutinins, poor re-
sponse to vaccines, or both were included in this study as patients
with CVID and analyzed for TREC/KREC levels, retrospectively.
Ages of patients with CVID ranged from 2 to 52 years (median
age, 15.5 years). The sex ratio of the patients was 21 male/19 female
patients. Serum IgG, IgA, and IgM levels were 370 * 33 mg/dL
(0-716 mg/dL), 30 = 7 mg/dL (1-196 mg/dL), and 40 = 6 mg/dL
(2-213 mg/dL), respectively. TREC and KREC quantification was
performed by using DNA samples extracted from peripheral blood,
as reported previously.” % Clinical symptoms were then assessed
retrospectively. The study protocol was approved by the National
Defense Medical College Institutional Review Board, and written
informed consent was obtained from adult patients or parents of
minor patients in accordance with the Declaration of Helsinki.
Based on TREC and KREC copy numbers, the 40 patients with
CVID were classified into 4 groups (groups A, B, C, and D; Fig 1).
Comparing lymphocyte subsets, CD3* T-cell numbers were sim-
ilar among groups A, B, and D but were significantly lower in
group C (P < .05; group A, 1806 = 204 cells/pL; group B,
1665 = 430 cells/pL; group C, 517 = 124 cells/pL; and group
D, 1425 = 724 cells/pL; P = .0019, Tukey multiple comparison
test based on 1-way ANOVA). CD3*CD4*CD45RO™* memory
T-lymphocyte percentages in groups B, C, and D were signifi-
cantly higher than those in group A (P < .0001; group A,
37% =+ 16%; group B, 67% = 13% [P = .0006]; group C,
92% * 82% [P < .0001]; and group D: 83% = 14%
[P < .0001]; see Fig El in this article’s Online Repository at
www.jacionline.org); additionally, the percentages of these cells
in groups C and D were higher than in group B (P =.0115). These
results indicate that group C and D patients have markedly de-
creased CD4*CD45RA™ naive T-cell counts than group
A patients and that counts in group B are also significantly de-
creased, although less so than in groups C or D, which is consis-
tent with a report showing lower TREC copy numbers in
CD4*CD45RO™ cells. Some patients in groups B, C, and D ex-
hibited normal CD4*CD45RO" percentages, although TREC
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levels, KREC levels, or both decreased. This discrepancy indi-
cates that TREC/KREC levels could be independent markers to
determine the patient’s immunologic status in addition to
CD4"CD45RA™*; the reasons underlying the discrepancy be-
tween CD4*CD45RA™ and TREC/KREC levels remain
unsolved. ,

CD19" B-cell numbers in group A were significantly higher
(P < .05) than those in groups B and D (group A, 269 *= 65
cells/uL; group B, 35 = 16 cells/pL; group C, 60 = 11 cells/
pL; and group D, 29 = 16 cells/uL; P = .0001). However,
B-cell subpopulations, including CD27", IgD+CD27+, “and
IgD CD27% cells, were not significantly different among the
groups. Standardizing KREC copy numbers for each patient by
dividing their CD19™" by their CD27* percentages revealed the
same patient classification as that shown in Fig 1 (data not shown),
indicating that the original classification was independent of
CD19" B-cell or CD27" memory B-cell percentages.

‘Because TREC and KREC levels decrease with age (see Fig E2
in this article’s Online Repository at www.jacionline.org)’ © and
age distribution was wide in this study, we compared patients’
ages among groups at the time of analysis to determine whether
classification was associated with age. TREC/KREC-based clas-
sification was independent of both age and sex because age distri-
bution was not significantly different among groups (P > .05;
group A, 12.7 = 2.3 years [2-30 years]; group B, 23.4 * 4.2 years
[6-39 years]; group C, 21.5 = 6.1 years [4-52 years]; and group D,
25.5 * 4.4 years [15-46 years]; data not shown) nor was male/fe-
male sex ratio (overall, 21/19; group A, 10/9; group B, 2/5; group
C, 5/3; and group D, 4/2; P = 4916, X2 test; data not shown).

We next evaluated whether any correlation existed between
TREC/KREC-based classification and clinical symptoms in each
patient group. All patients in the study had been treated with
intravenous immunoglobulin (IVIG) substitution at the time of
analysis. We found that the cumulative events of complications
(opportunistic infections, autoimmune diseases, and malignan-
cies) per 10 patient-years were highest in group D (0.98 events/10
patient-years), followed by group C (0.63 events/10 patient-
years), group B (0.30 events/10 patient-years), and group A (0.04
events/10 patient-years), where events in groups D and C were
significantly higher than group A (group A vs group D, P =.0022;
group A vs group C, P = .0092; group A vs group B, P = .0692;
Fig 2). Furthermore, we found similar results when evaluating
only patients 19 years old or older for group D (1.01 events/10
patient-years), group C (0.56 events/10 patient-years), group B
(0.32 events/10 patient-years), and group A (0.06 events/10
patient-years; group A vs group D, P = .0074; group A vs group
C, P = .0407; group A vs group B, P = .1492; data not shown).
Categorizing patients by using several different previously
reported CVID classifications (focused primarily on separating
patients based on levels of circulating B-cell subsets), we found
that no classification scheme showed any significant event
increases in any particular group (see Fig E3 in this article’s On-
line Repository at www.jacionline.org). Assessing longitudinal
cumulative opportunistic infection incidence among the groups,
group D and C values were significantly higher than in group
A (see Fig E4, A, in this article’s Online Repository at www.
jacionline.org; P = .0059). Autoimmune and malignant diseases
(P =.5168 and P = .6900, respectively) were observed in groups
B and D but not in group A (see Fig E4, B and C). Cumulative
events were significantly different between groups (P = .0313,
log-rank test; group A, 5.3% and 5.3%; group B, 14.3% and
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FIG 2. Cumulative incidence of complication events per 10 patient-years differs among groups. Opportun-
istic infections, autoimmune diseases, and malignancies were evaluated for each patient group. Compli-
cation incidences in group D (0.98 events/10 patient-years), group C (0.63 events/10 patient-years), and
group B (0.30 events/10 patient-years) were higher than in group A (0.04 events/10 patient-years). Group
A versus group D: **P = 0022; group A versus C: **P = ,0092; group A vs group B: P = .0692.

57.1%; group C, 27.1% and 63.5%; and group D, 33.3% and
83.3% at 10 and 30 years of age, respectively; see Fig E4, D).
One patient in group D died of Preumocystis jirovecii pneumonia,
and 2 other patients in the same group received hematopoietic
stem cell transplantation after complications caused by EBV-
related lymphoproliferative disorder.

Assessing these data, TREC/KREC-based  classification
matches clinical outcomes. Because group D patients exhibited
the most frequent complications (opportunistic infections, auto-
immune diseases, and malignancies), they could receive a diag-
nosis of CID based on these symptoms. If they are indeed
determined to have CID, then TREC/KREC analysis is helpful to
distinguish between CID and CVID. Their TREC(—)/KREC(—)
phenotype might relate to defective V(D)J recombination in
T- and B-cell development® because patients with B-negative
SCID (RAGI, RAG2, Artemis, and LIG4), as well as patients
with ataxia-telangiectasia (AT) and Nijmegen breakage syndrome
(NBS; see Fig ES in this article’s Online Repository at www.
jacionline.orf_z),s’(1 were also negative for both TREC and
KREC; it is intriguing to speculate that an unknown V(D)J
recombination gene or genes is responsible. As for treatment,
hematopoietic stem cell transplantation should be considered
the preferred treatment to “cure” group D patients, as reported
in patients with severe CVID/CID, because event-free survival
is poor.9

In contrast to group D patients, TREC(+)/KREC(+) group
A vpatients treated with IVIG substitution . therapy remained
healthy. One possible explanation is that these patients harbor
defects only in terminal B-cell differentiation, but not in T cells,
and represent typical patients with CVID, as originally reported.

Group C patients had a high frequency of both opportunistic
infections and malignancies, suggesting that these TREC(—)
patients have T-cell defects. Although group C patients had a
similar TREC/KREC pattern to patients with SCID with B cells
(IL2RG and JAK3; see Fig ES, A), they do not fulfill the European

Society for Immunodeficiencies criteria for SCID, and no muta--

tion was identified in the SCID genes estimated from clinical
manifestation and lymphocyte subset analysis. However, from
our data, they would likely benefit from undergoing similar
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treatment to patients with SCID or CID to prevent these
complications.

Although opportunistic infections were rare in group B
patients, autoimmune diseases were often observed. This is
consistent with this group being TREC(+)/KREC(—) and the
idea that balance between T and B cells is important to prevent
autoimmune diseases in patients with CVID.! Intriguingly, a
group of patients with AT and NBS were also TREC(+)/
KREC(—) (see Fig E4, B), which is similar to group B patients.
Additionally, CD45RATCD4" naive T-cell numbers were re-
duced in most group B patients, which is similar to the phenotype
exhibited by patients with AT and NBS. This finding raises the
possibility that although some group B patients are also T-cell de-
ficient, as well as B-cell deficient, and should be treated similarly
to patients with CID, other patients have only B-cell deficiency
and are effectively treated with IVIG substitution therapy.

By analyzing a large CVID patient cohort, the overall survival
rate of patients with more than 1 complication was worse than that
for patients without other complications.* Our findings indicate
that low TREC levels, KREC levels, or both are useful markers
that correlate well with the overall survival rate in patients with
CVID. Therefore we conclude that TREC and KREC are useful
markers to assess the clinical severity and pathogenesis of each
patient with CVID and to distinguish CID from CVID. Thus
patient classification based on TREC/KREC levels would provide
a helpful tool for deciding on an effective treatment plan for each
patient with CVID. \

‘We thank the following doctors who contributed patient data to this study:
Satoshi Okada, Kazuhiro Nakamura, Masao Kobayashi, Tomoyuki Miz-
ukami, Yoshitora Kin, Hironobu Yaniaga, Shinsuke Yamada, Kazuhide
Suyama, Chihiro Kawakami, Yuko Yoto, Kensuke Oryoji, Ayumu [toh,
Takao Tsuji, Daisuke Imanishi, Yutaka Tomishima, Minako Tomiita, Kaori
Sasaki, Akira Ohara, Hanako Jimi, Mayumi Ono, Daisuke Hori, Yuichi
Nakamura, Yoshitoshi Otsuka, Toshiyuki Kitoh, Toshio Miyawaki, Akihiko
Maeda, Terumasa Nagase, Takahiro Endo, Yoshiaki Shikama, Mikiya Endo,
Satoru Kumaki, Lennart Hammarstrom, Janine Reichenbach, and Reinhard
Seger. We also thank Professor Junichi Yata for critical reading and Ms
Kaori Tomita, Ms Kimiko Gasa, and Ms Atsuko Kudo for their skillful
technical assistance.



1440 LETTERS TO THE EDITOR

Chikako Kamae, MD*

Noriko Nakagawa, MD, PhD*
Hiroki Sato, MS®

Kenichi Honma, MD“

Noriko Mitsuiki, MD"¢

Osamu Ohara, PhD¢

Hirokazu Kanegane, MD, PhD®

Srdjan Pasic, MD, PhD'

Qiang Pan-Hammarstrom, MD, PhD*®
Menno C. van Zelm, PhD"

Tomohiro Morio, MD, PhD*

Kohsuke Imai, MD, PhD*

Shigeaki Nonoyama, MD, PhD*

From the Departments of “Pediatrics and PPreventive Medicine and Public Health,
National Defense Medical College, Saitama, Japan; °the Department of Human
Genome Research, Kazusa DNA Research Institute, Chiba, Japan; dthe Department

of Pediatrics, Tokyo Medical and Dental University, Tokyo, Japan; °the Department

of Pediatrics, University of Toyama, Toyama, Japan; ‘the Department of Immunology,
Mother and Child Health Institute, Medical Faculty, University of Belgrade, Bel-

+ grade, Serbia; *the Department of Laboratory Medicine, Karolinska Institute, Karo-
linska University Hospital, Huddinge, Stockholm, Sweden; and "the Department of
Immunology, Erasmus MC, University Medical Center, Rotterdam, The Netherlands.
E-mail: kimai.ped@tmd.ac.jp.

Supported in part by grants from the Ministry of Defense; the Ministry of Health, La-
bour, and Welfare; and the Ministry of Education, Culture, Sports, Science, and
Technology.

Disclosure of potential conflict of interest: The authors declare that they have no relevant
conflicts of interest.

REFERENCES

L. Yong PFK, Thaventhiran JED, Grimbacher B. “A rose is a rose is a rose, ” but CVID
is not CVID. common variable immune deficiency (CVID), what do we know in

20117 Ady Immunol 2011;111:47-107.

2. Resnick ES, Moshier EL, Godbold JH, Cunningham-Rundles C. Morbidity and mor-
tality in common variable immune deficiency over 4 decades. Blood 2012;119:
1650-7.

3. Moratto D, Gulino AV, Fontana S, Mori L, Pirovano S, Soresina A, et al. Combined
decrease of defined B and T cell subsets in a group of common variable immunode-
ficiency patients. Clin Immunol 2006;121:203-14.

. Chapel H, Lucas M, Lee M, Bjorkander J, Webster D, Grimbacher B, et al. Common
variable immunodeficiency disorders: division into distinct clinical phenotypes..
Blood 2008;112:277-86.

5. ‘Morinishi Y, Imai K, Nakagawa N, Sato H, Horiuchi K, Ohtsuka Y, et al. Identifi-
cation of severe combined immunodeficiency by T-cell receptor excision circles
quantification using neonatal Guthrie cards. J Pediatr 2009;155:829-33.

6. Nakagawa N, Imai K, Kanegane H, Sato H, Yamada M, Kondoh K, et al. Quantification
of k-deleting recombination excision circles in Guthrie cards for the identification of
early B-cell maturation defects. J Allergy Clin Immunol 2011;128:223-5.€2.

7. van Zelm MC, Szczepanski T, Van Der Burg M, Van Dongen JIM. Replication his-
tory of B lymphocytes reveals homeostatic proliferation and extensive antigen-
induced B cell expansion. J Exp Med 2007;204:645-55.

8. Verbsky JW, Baker MW, Grossman WJ, Hintermeyer M, Dasu T, Bonacci B, et al.
Newborn screening for severe combined immunodeficiency; the Wisconsin experi-
ence (2008-2011). J Clin Immunol 2012;32:82-8.

9. Rizzi M, Neumann C, Fielding AK, Marks R, Goldacker S, Thaventhiran J, et al.
,Outcome of allogeneic stem cell transplantation in adults with common variable
immunodeficiency. J Allergy Clin Immunol 2011;128:1371-2.

Availﬁble online December 28, 2012.
http://dx.dot.org/10.1016/j.jaci.2012.10.059

Homing frequency of human T cells inferred
from peripheral blood depletion kinetics after
sphingosine-1-phosphate receptor blockade

To the Editor:
Naive and central memory (CM) T cells home through lymph
nodes (LNs), whereas T cells with an effector memory (EM)

J ALLERGY CLIN IMMUNOL
MAY 2013

phenotype preferentially screen peripheral tissues in search of
cognate antigen.! LN entry and egress are distinct and highly regu-
lated processes mediated by an orchestrated interplay of chemo-
kines/chemokine receptors and adhesion molecules.? Interaction of
peripheral node addressins with L-selectin on T cells allows tether-
ing/rolling along high endothelial venules (HEVs).” Interaction of
the chemokine receptor CCR7 with its ligands CCL19/CCL21 and
CXCR4 with CXCL 12 then mediates firm adhesion to HEVs through
high-affinity interactions of lymphocyte function—associated antigen
1 and intercellular adhesion molecule 1, permitting transmigration of
T cells across the HEV celllayer.” ‘Within the LNs, T-cell mlgratlon 1s ,
directed through T-cell zones toward the cortical sinuses.
A sphingosine-1-phosphate (S1P) gradient established across the en-
dothelial cells of the cortical sinuses is directing LN egress of T cells
through efferent lymph back to the peripheral blood circulation.*
Acting as a functional antagonist on the S1P receptor, the pharmaco-
logic compound fingolimod, which has shown efficacy in the treat-
ment of multiple sclerosis (MS), blocks this egress. > As a
consequence, in fingolimod-treated subjects naive and CM T cells
are trapped in LNs and reduced in the blood circulation.®

Here, by studying depletion kinetics of T cells in the blood of de
novo fingolimod-exposed subjects in combination with in vitro mi-
gration experiments, homing frequencies and LN access hierarchy
between T-cell subsets were derived indirectly. First, we defined the
effect of de novo fingolimod exposure on the number of circulating
CD4" and CD8™ phenotypic T-cell subsets in patients with MS
during a 6-hour observation period (hourly measurements, 1 time
before and 6 times after drug exposure) by using flow cytometry
(detailed information on patients and methods is provided in the
Methods section and Table El in this article’s Online Repository
at www.jacionline.org). In fingolimod-treated subjects, 6 hours af-

ter the first drug dose, numbers of CD4" Tcell subsets with an LN
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homing phenotype (ie, naive and CM T cells) were significantly re-
duced (Fig 1, A [representative example; absolute cell counts], and
Fig I, B [pooled data; proportional change]). Intriguingly, the kinet-
ics of reduction differed between phenotypic naive (CD62 ligand
[CD62L]-positive CD45RA™Y) and CM (CD62L"CD45RA™)
CD4" T cells. Specifically, compared with baseline measurements,
naive CD4 " T-cell counts started to decrease earlier than CM CD4 ™
T-cell counts (2 vs 5 hours after fingolimod exposure; Fig 1, B). In
CD8" T cells, contrasting CD4" T cells, only naive
(CD62L"CD45RA™) CD8™ T-cell counts decreased significantly
(after 3 vs 2 hours in naive CD4 ™" T cells) after the first dose of fin-
golimod (Fig 1, C [representative example; absolute cell counts],
and Fig 1, D [pooled data; proportional change]).

On the basis of these ex vivo depletion kinetics, in vitro chemo-
taxis experiments were performed, as described in the Methods sec-
tion in this article’s Online Repository. In a transwell system
spontaneous migration of bulk CD4* and CD8™ T cells was com-
parably low in healthy control subjects and untreated patients with
MS (and was further decreased in the presence of fingolimod; see
Fig E1 in this article’s Online Repository at www.jacionline.org).
Gradients of CXCL12, CCL19, and CCL21 mediated a clear in-
crease in migration of bulk CD4" and CD8™ T cells from healthy
control subjects and untreated patients with MS, which was not sig-
nificantly influenced by fingolimod (see Fig E1). Dot plot distribu-
tion (as a percentage) of migrated versus nonmigrated, phenotypic
naive, CM, EM, and (for CD8" T cells) CD45RA re-expressing EM
cells (EMRA) was then compared between control cells (spontane-
ous migration) and cells that migrated toward CXCL12, CCL19, or
CCL21. An example of CXCLI12-mediated changes in the
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FIG E1. CD45RO*CD3*CD4* T-cell frequency within CD4*CD3* lympho-
cytes was analyzed among groups. CD45RO*CD3*CD4* lymphocyte
counts were significantly higher in groups B, C, and D compared with those
in group A (P < .0001). Group A: 37% =+ 16%; group B: 67% = 13%
(**P < .01); group C: 92% = 8.2% (***P < .001); and group D: 83% + 14%
(***P < .001).
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FIG E2. KREC levels were analyzed in genomic DNA samples extracted
from peripheral blood of control subjects at different age groups (n = 158;
age range, 1 month to 55 years). KREC levels were significantly higher in
infants (17.9 = 3.9 X 10° copies/ng DNA) compared with other children’s
age groups (8.9 + 1.3 X 10° copies/ig DNA in the 1- to 6-year-old group
and 3.6 = 3.8 X 10° copies/p.g DNA in the 7- to 18-year-old group) and adults
(2.0 = 3.3 x 10° copies/uug DNA; P < .0001).
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FIG E3. Patients were classified in the following way and analyzed for cumulative incidence of complica-
tions: A, Freiburg; B, Paris; and C, EUROclass classifications, according to CD38"IgM" transitional B cells
(Fig E3, A-C) or CD21'°" B cells (D). Five patients were excluded from the Freiburg and Paris classifications
because of decreased B-cell numbers (<1%). Additionally, we excluded 4 patients in the Freiburg classifica-
tion, 1 patient in the Paris classification, and 4 patients in the EUROclass classification for transitional B cells
and 8 in the EUROclass classification for CD21'°" B cells because of lack of data. The following cumulative
events/10 patient-years were found. Freiburg classification: 1a, 0.36; 1b, 0.48; 2, 0.32. Paris classification:
MBO, 0.50; MB1, 0.37; MB2, 0.28. EUROclass classification according to transitional B cells: B™, 0.27;
smB™, 0.52; smB™Tr"°™, 0.60; smB~Tr"®", 0.43. EUROclass classification according to CD21'° B cells: B~,
0.27; smB*21'°,0.45; smB*21™°™, 0.47; smB~21'°, 0.58; smB~21"°"™, 0.30. No classification showed any sig-
nificantly increased events in any particular group according to calculated P values, as follows—Freiburg
classification: 1a vs 2 = .898, 1b vs 2 = .479, 1a vs 1b = .838; Paris classification: MBO vs MB2 = .179,
MB1 vs MB2 = .654, MBO vs MB1 = .764; EUROclass classification according to transitional B cells: B™ vs
smB* = .298, smB~Tr"™ vs smB* = .809, smB~Tr" vs smB™ = .702, smB~Tr" vs smB~Tr"'™ = .641,
smB™Tr"°™ vs B~ = .329, smB~Tr" vs B~ = .508; EUROCclass classification according to CD21" B cells:
B~ vs smB*21™°™ = 443, smB*21'° vs smB*21™°™ = 930, smB~21'° vs smB*21"°™ = 695, smB~21"°"™
vs smB*21"°™ = 575, BT vs smBT21""™ = 926, smB*21"° vs smB™21""™ = .609, smB~21" vs
smB™21"°™ = 399, B~ vs smB*21'° = 0.474, B~ vs smB™21'° = 0.270, smB*21" vs smB~21" = 0.618.
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FIG E4. Comparing longitudinal cumulative incidence of complication events among groups. Cumulative
incidence was estimated separately and longitudinally by using the Kaplan-Meier method and statistically
compared between groups by using the log-rank test. The cumulative incidence of opportunistic infections
(A), autoimmune diseases (B), malignancies (C), and all events (D) is shown.
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FIG E5. TREC and KREC quantification classifies patients with SCID, AT, NBS, or ataxia-telangiectasia-like
disease (ATLD)into 4 groups. A, Patients with B*SCID {n = 20) were classified as group C, and patients with
B~SCID (n = 8) were classified as group D; these patients were included in the previous studies.>® B, Al-
though most patients with AT (n = 23) and patients with NBS (n = 4) were classified as group D, TRECs

were detected in peripheral blood samples (n = 4 in patients with AT and n = 2 in patients with NBS)

and neonatal Guthrie cards (n = 3) of some patients with AT, who were classified as group B. Patients
with ATLD with MRET1A mutations were classified as group A.
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