
126 | Hematology 2024 | ASH Education Program

ALPS, CVID, AND LGL: WHEN AUTOIMMUNE CYTOPENIAS ARE A MARKER OF UNDERLYING IMMUNE DISEASE

Beyond FAScinating: advances in diagnosis and 
management of autoimmune lymphoproliferative 
syndrome and activated PI3 kinase δ syndrome
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Refractory auto im mune mutilineage cytopenias can pres ent in child hood asso ci ated with chronic non ma lig nant lymph-
oproliferation (spleno meg aly, hepa to meg aly, and/or lymph ade nop a thy). Cytopenias due to periph eral destruc tion and 
seques tra tion have been well rec og nized since the 1950s and are often lumped together as epon y mous syn dromes, 
such as Evans syn drome and Canale-Smith syn drome. Though their clin i cal and genetic diag nos tic workup may appear 
daunting, it can pro vide the basis for early inter ven tion, genetic coun sel ing, and empir i cal and targeted ther a pies. Auto-
immune lymphoproliferative syn drome (ALPS), acti vated phosphatidylinositol 3-kinase delta syn drome (APDS), and many 
other related genetic dis or ders are oth er wise col lec tively known as inborn errors of immu nity (IEI). They pres ent in early 
child hood as refrac tory auto im mune cytopenias due to immune dysregulation lead ing to lymph ade nop a thy, spleno meg-
aly, and increased sus cep ti bil ity to lym phoma. More recently, con trolled clin i cal tri als have shown that some of these 
immune sys tem dis or ders with hema to log i cal man i fes ta tions might be more read ily ame na ble to spe cific targeted treat-
ments, thus pre vent ing end-organ dam age and asso ci ated comorbidities. Over the last 20 years, both rapamycin and 
mycophenolate mofetil have been suc cess fully used as ste roid-spar ing long-term mea sures in ALPS. Current ther a peu tic 
options for APDS/PASLI (phosphoinositide 3-kinase [PI3K]-asso ci ated senescent T lym pho cytes, lymph ade nop a thy, and 
immu no de fi ciency) include the orally bio avail able PI3Kδ inhib i tor, leniolisib, which was licensed by the US Food and Drug 
Administration (FDA) in 2023 for use in indi vid u als older than 12 years as a targeted treat ment. Paradigms learned from 
patients with rare genetic dis or ders like ALPS and APDS may help in explor ing and streamlining molec u lar ther apy strat-
e gies in the wider group of IEIs presenting with refrac tory cytopenias and lymphoproliferation.

LEARNING OBJECTIVES
 • Discuss recent advances in molec u lar genet ics of auto im mune lymphoproliferative immune dysregulation with 

refrac tory cytopenias and risk of lym phoma
 • Understand that path o phys i  ol ogy includ ing risk of lym phoma in ALPS-FAS and APDS/PASLI early can make them 

read ily ame na ble to ther a pies
 • Streamline dif fer ent modal i ties, includ ing genetic coun sel ing, sup port ive care, and pre ci sion med i cine–based 

targeted treat ments

Introduction
Many immu no he ma to log i cal dis eases man i fest as refrac-
tory auto im mune mutilineage cytopenias asso ci ated with 
chronic non ma lig nant lymphoproliferation (spleno meg aly, 
hepa to meg aly, and/or lymph ade nop a thy). Cytopenias 
due to periph eral destruc tion and seques tra tion have been 
well rec og nized since the 1950s and 1960s and are often 
lumped together as epon y mous syn dromes, such as Evans 
syn drome1,2 and Canale-Smith syn drome.3 Their clin i cal and 
genetic diag nos tic workup may appear chal leng ing at the 

out set; nev er the less, it pro vi des the basis for both empir i cal 
and targeted ther apy for auto im mune lymphoproliferative 
syn drome (ALPS), acti vated phosphatidylinositol 3-kinase 
delta syn drome (APDS), and many other related genetic 
dis or ders oth er wise col lec tively known as inborn errors of 
immu nity (IEI).4-8 More recently there have been attempts 
to cre ate a broader frame work for auto im mune lymph-
oproliferative immune-dysregulatory/immune-defi ciency 
dis or ders (ALPIDs) that can ben e fit from a more detailed 
workup encompassing mul ti dis ci plin ary spe cialty teams 
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(Figure 1).9 These can include sup port ive care, pre emp tive ther-
a pies for chronic cytopenias, and sur veil lance for malig nan cies 
in the oth er wise rare IEI. ALPS is unique among ALPIDs in that 
it is asso ci ated with a char ac ter is tic genetic path o phys i  ol ogy 
encompassing both germline and somatic var i ants that con fer it 
with a unique immunophenotype and bio marker pro file. Patients 
with APDS/PI3K-asso ci ated senescent T lym pho cytes, lymph-
ade nop a thy, and immu no de fi ciency (PASLI) can be treated with 
an orally bio avail able phosphoinositide 3-kinase delta (PI3Kδ) 

inhib i tor, leniolisib, which was licensed by the US Food and Drug 
Administration (FDA) in 2023 as a targeted treat ment.

Autoimmune lymphoproliferative syn drome
Autoimmunity results from the fail ure of self-tol er ance, both cen-
tral and periph eral tol er ance. Central tol er ance is fos tered by 
apo pto sis through elim i na tion of unnec es sary, imma ture effec tor 
cells in gen er a tive lym phoid organs (the bone mar row and thy-
mus); while mech a nisms of periph eral tol er ance include anergy, 

Figure 1. Signal transduction by the FAS receptor whose gene is mutated in ALPS. (A) Schematic of the signaling complex formed 
after the engagement of FAS by FAS ligand that leads to apoptosis. Shown at the top left is an example of a mutant FAS receptor 
chain lacking the death domain bound to a wild-type chain through the PLAD, which prevents it from signaling and therefore caus-
es dominant interference. (B) Diagram showing the intron-exon structure of the FAS gene with delineation of exons coding for the 
extracellular, transmembrane, and intracellular portions of the protein incorporating the death domain and the location and types of 
mutations associated with ALPS-FAS. It is notable that R250 in the α2 helical region of the death domain is the most frequently altered 
residue and exhibits haploinsufficiency due to reduced Fas surface expression, as well as dominant interference. From Price et al.37
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dele tion by apo pto sis, and sup pres sion by reg u la tory T cells to 
avoid auto im mu nity and tis sue dam age.10 Apoptosis, the intrin-
sic death pro gram of cells, is trig gered by any of sev eral effec-
tor mol e cules (includ ing but not lim ited to FAS, FASL, FADD, and 
caspases as well as RAS and BIM) either through recep tor-ligand 
inter ac tions at the cell sur face (the extrin sic path way) or by the 
induc tion of mito chon drial enzymes (the intrin sic path way). 
Lymphocyte apo pto sis medi ated by the cell sur face recep tor 
Fas plays a piv otal phys i o log i cal role in ter mi nat ing redun dant 
and unwar ranted immune responses. Originally char ac ter ized  
from a human dip loid fibro blast cell line as the FS-7-asso ci ated 
sur face anti gen,4 FAS (CD95 and APO-1) is a mem ber of the tumor 
necro sis fac tor recep tor super fam ily of pro teins that directly 
trig gers recep tor-medi ated apo pto sis to main tain lym pho cyte 
homeo sta sis and periph eral immune tol er ance and to pre vent 
auto im mu nity.11

ALPS is caused by genetic alter ations affect ing FAS down-
stream sig nal ing, abro gat ing expres sion or func tion of FAS. ALPS 
was one of the first genet i cally defined IEIs that pres ents with 
lymphoproliferation and auto im mu nity. Many ALPS patients often 
pres ent to a hema tol o gist in early child hood for fur ther assess-
ment and man age ment of oth er wise inex pli ca ble auto im mune 
hemo lytic ane mia, immune throm bo cy to pe nia, and/or neutro-
penia, and some of them develop B-cell lym phoma.12 In the early 
1990s a murine model of MRL/lpr−/− mouse was noted to share 
a sig na ture cell type with ALPS. Mice with homo zy gous muta tions 
for Fas-equiv a lent murine gene lpr develop hypergammaglob-
ulinemia, glo mer u lo ne phri tis, mas sive lymph ade nop a thy, and 
expan sion of an oth er wise rare and unique pop u la tion of TCRαβ+ 
cells that lack expres sion of both CD4 and CD8, and hence they 
are known as dou ble-neg a tive (DN) T cells. These FAS-con trolled 
(FC) T cells accu mu late as TCRαβ+CD3+CD4−CD8− DNT (FC DNT) 
cells.13-15 This murine model pro vided insights into the path o phys i -
ol ogy of a sim i lar syn drome being observed in humans. Diagnostic 
cri te ria for ALPS have been pro posed based on clin i cal, immu no-
log i cal, and genetic param e ters.9,16 Significant prog ress has been 
made over the last 30 years in under stand ing the com plex genetic 
causes of this dis ease, its immu no log i cal basis, and the pre dic-
tive power of bio mark ers for its diag no sis. In that respect ALPS is 
unique among ALPIDs in that it is asso ci ated with a very char ac ter-
is tic immunophenotype and bio marker pro file.17-19

Genetic diag no sis of ALPS
ALPS can be due to muta tions of FAS, FASLG, and FADD genes, 
also des ig nated as ALPS-FAS, ALPS-FASLG, ALPS-FADD, respec-
tively.20-24 These FAS genetic alter ations can be dele tions or 
dupli ca tions. They can be germline (ALPS-FAS) with an auto-
so mal dom i nant inher i tance pat tern or somatic genetic events 
(ALPS-sFAS).25,26 The somatic events caus ing ALPS occur in cells 
of hema to poi etic lin e age that lead to FAS-altered B and T cells 
and accu mu la tion of FC DNTs, as these cells have a sur vival and 
growth advan tage due to their apo pto sis defect. FAS muta tions 
most often con fer a dom i nant-neg a tive effect due to mis sense 
muta tions, allowing nor mal FAS expres sion but abro gat ing the 
inter ac tion with FADD and pro foundly impairing the FAS-induced 
apo pto sis. Such muta tions are asso ci ated with high clin i cal pen-
e trance (>80%), and most car ri ers also develop clin i cal symp-
toms of ALPS. In con trast, genetic var i ants abolishing Fas pro tein 
expres sion of the mutant allele can lead to haploinsufficiency. 
Such muta tions are asso ci ated with low clin i cal pen e trance (10% 

to 80%) unless accom pa nied by a sec ond genetic event.27 This 
event can be an inde pen dent somatic muta tion on the other FAS 
allele or a somatic loss of het ero zy gos ity (sLOH) (seen in approx i-
ma tely 80%). sLOH is usu ally caused by uni pa ren tal disomy, lead-
ing to loss of the wild-type allele com pen sated by a dupli ca tion 
of the mutated allele. In these cases, FC DNT cells are enriched 
for biallelic events (ALPS-FAS/sLOH) that fre quently lead to 
the absence of FAS expres sion on FC DNTs. Patients can also 
har bor pro moter region or deep intronic FAS muta tions, dele-
tions, or dupli ca tions, often asso ci ated with sLOH, reduc ing FAS 
expres sion. These com plex genetic alter ations should be sus-
pected based on abnor mal bio mark ers, and they can be read ily 
missed by EXOME sequenc ing. Hence many patients with sus pi-
cious clin i cal phe no type may require extended genetic workup  
(Figure 1).19,28

Biomarkers of ALPS
The fol low ing bio mark ers can be stud ied in order of decreas-
ing pos i tive pre dic tive value for ALPS among ALPID patients: 
sFASLG, IL-10, vita min B12, CD3+TCRαβ+CD4−CD8− DNTs, and 
HDL cho les terol.17,18,26,29 Cutoff val ues depend on the assay used 
and locally established lab o ra tory ref er ence ranges.30 These 
alter ations reflect impaired FAS sig nal ing and are there fore pres-
ent in all  genetic con stel la tions of ALPS with the obvi ous excep-
tion of sFASLG, which is absent in patients with ALPS-FASLG.24 
The com bi na tion of ele vated sFASLG and ele vated serum vita-
min B12 has the highest pos i tive and neg a tive pre dic tive value 
for ALPS (92 and 97, respec tively).19 Similarly, read ily avail  able 
lab o ra tory tests like ele vated serum vita min B12 lev els asso ci-
ated with very low HDL cho les terol in any patient with chronic 
cytopenias, enlarged spleen, and lymph ade nop a thy should lead 
to sus pi cion of ALPS-FAS and fur ther genetic workup. While 
these bio mark ers are highly sen si tive and spe cific for iden ti fy ing 
ALPS, the most widely used diag nos tic lab o ra tory param e ter is 
the per cent age of DNT among CD3+ T cells. Healthy indi vid u-
als usu ally have DNT lev els below 2.5%, but this ref er ence range 
can only be applied to patients with out T-cell lymphopenia, as 
lymphopenia can cre ate spu ri ous ele va tions of many lym pho-
cyte sub sets mea sured only in per cent ages. Most ALPS patients 
do not have lymphopenia, though there can be rare excep tions 
due to mas sive spleno meg aly.

Hence it is desir able to com pute abso lute lym pho cyte sub-
set num bers (rather than per cent ages) from total lym pho cyte 
counts derived from a com plete blood count done in par al-
lel with the immunophenotyping. Moderate DNT ele va tions 
(2.5% to 10%) are com mon in ALPS. Since sFASLG test ing is not 
widely avail  able, the com bi na tion of vita min B12 and DNT can 
be used to pre dict ALPS. However, DNTs have the best sen si-
tiv ity and spec i fic ity above 6%, and lev els above 10% are rare in 
other ALPID patients. An increase in the per cent age of FC DNT 
(best iden ti fied by the co-expres sion of CD45RA and CD38 or of 
CD5756) above 40% of total DNT is more spe cific for ALPS-FAS. FC 
DNTs rap idly die ex vivo; hence long ship ment times to a cen tral 
lab o ra tory can reduce FC DNT lev els.31 However, ele vated DNTs 
are also nota ble in other IEIs like XMEN dis ease (X-linked immu-
no de fi ciency with mag ne sium defect, Epstein-Barr virus ([EBV] 
infec tion, and neo pla sia) with deep immunophenotyping using 
time-of-flight mass cytometry.32

The over all rec om men da tion is to do DNT, sFASLG, and vita-
min B12 in ALPID patients; how ever, low or absent sFASLG lev els 
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in com bi na tion with ele vated vita min B12 and DNT can also point 
to ALPS-FASLG. In con trast, canon i cal apo pto sis test ing is poorly 
stan dard ized and yields nor mal results in patients with somatic 
FAS muta tions.25 This assay may still be rel e vant for clas si fi ca tion 
of ALPS patients with unde ter mined genetic find ings and in an 
aca demic sci en tific con text, but it is not advised to be used in 
the rou tine diag nos tic algo rithm for ALPS patients (Figure 1).

Diagnosis of ALPS allows genetic coun sel ing, prog nos tic 
clin i cal advice, and the option of mTOR targeted ther apy with 
rapamycin for affected patients.6,33-36 The high pre dic tive value of 
bio mark ers out lines a path way of genetic inves ti ga tions that can 
ensure that this diag no sis is not missed. These molecular investi-
gations can also raise aware ness of a wide range of immune dys-
regulation asso ci ated with refrac tory cytopenia, some infec tion 
sus cep ti bil ity, and an increased risk of lym phoma (Figure 2).37,38

Activated PI3K delta syn drome (APDS/PASLI)
The PI3Kδ path way is crit i cal for lym pho cyte homeo sta sis 
reflected in its devel op ment and func tion. Under phys i o log-
i cal con di tions, PI3Kδ activ ity in B and T cells is dynam i cally 
reg u lated dur ing devel op ment and func tion, with peri ods of 
enhanced activ ity where FOXO and GSK3 (forkhead box O and 
gly co gen synthase kinase 3) are inhibited and mTOR sig nal ing 
(mech a nis tic tar get to rapamycin) occurs, and peri ods of damp-

ened activ ity when mTOR is not acti vated and FOXO/GSK3 are 
disinhibited. Balanced PI3K activ ity results in proper lym pho cyte 
devel op ment, dif fer en ti a tion, and func tion (Figure 3).

APDS, also known as PASLI, is an IEI resulting from path o genic 
het ero zy gous var i ants in either of the 2 genes encoding the PI3Kδ 
heterodimer. Gain-of-func tion var i ants in PIK3CD encoding the 
cat a lytic sub unit p110δ cause APDS1, whereas loss-of-func tion 
var i ants in PIK3R1 encoding the reg u la tory sub unit p85α cause 
APDS2.39-41 Interaction of the 2 sub units is essen tial for heterodi-
mer func tion and sta bil ity. Disruption of this inter ac tion or loss of 
p85α-medi ated inhi bi tion due to path o genic var i ants in PIK3CD 
or PIK3R1 result in hyper ac tive PI3Kδ sig nal ing. This hyper ac tive 
sig nal ing results in com pa ra ble immu no logic con se quences in 
both APDS1 and APDS2  (Figure 3).42

Clinical man i fes ta tions of APDS besides auto im mune cyto-
penia are dis tinct from ALPS and include sinopulmonary infec-
tions, lymphoproliferation affect ing small air ways and the 
gut, enter op a thy, bron chi ec ta sis, and increased risk of malig-
nancy, espe cially lym phoma (Table 1). As the fol low-up period 
increases for the clin i cal cohort of patients with both ALPS and 
APDS, the inci dence of malig nan cies includ ing lym phoma can 
change. In APDS, PI3Kδ is hyper ac tive, resulting in exces sive 
FOXO/GSK3 inhi bi tion and mTOR acti va tion. As a result, lym-
pho cytes do not develop prop erly, with an excess accu mu-

Figure 2. ALPS, APDS, and ALPID: diagnostic workup algorithm. Modified from Magerus Chatinet et al.18 Genetic testing should be 
done sooner rather than later, particularly in patients with relapsed/refractory autoimmune cytopenias and/or any family history 
suggestive of cytopenias or lymphoma. CNV, copy number variation; WGS, whole-genome sequencing.
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la tion of both imma ture and senescent cells and a defi  cit of 
func tional lym pho cyte sub sets.43 This con com i tant defi ciency 
and dysregulation cre ate or con trib ute to the con stel la tion of 
clin i cal man i fes ta tions. Patients with APDS may also dis play 
signs and symp toms due to neu ro log i cal or cog ni tive impair-
ment, liver dis ease, and atopy likely due to excess PI3Kδ activ-
ity in nonhematopoietic cells, includ ing bron chial epi the lium, 
synovium, and cen tral ner vous sys tem cells.43

Genetics of APDS/PASLI
In a recently published cohort by Maccari et al,44 among the  
170 patients with APDS from 46 cen ters, 115 had het ero zy gous 
dis ease-caus ing var i ants in PIK3CD and 55 in PIK3R1. Eight  
dis ease-caus ing var i ants were found span ning p110δ isoform of 
PIK3CD, with E1021K account ing for 90% (Figure 3A and B). APDS 
patients have low genetic het ero ge ne ity, with only 8 dif fer ent 
var i ants in p110δ seen among these 115 patients included in the 
cohort (Figure 4A and B). All reported patients with APDS2 carry 
del e te ri ous splice-site dis ease-caus ing var i ants resulting in skip-
ping of exon 11 of p85α (Figure 4C).

Increased risk of sus cep ti bil ity to lym phoma  
in ALPS and APDS/PASLI
As pre vi ously reported, ALPS-FAS patients have a greater rel a tive 
risk of lym phoma than pre vi ously described. The age at diag-
no sis ranged from 5 to 60 years (median 18 years). The male to 

female ratio was 14:4. Sixteen patients with B-lin e age lym pho mas 
were seen in a cohort of 150 ALPS-FAS patients that included 10 
cases of Hodgkin’s lym phoma com pared with 0.067 expected in 
the gen eral pop u la tion, giv ing an observed to expected (O/E) 
ratio of 149 (95% CI  =  71-274). Six cases of non-Hodgkin lym phoma 
were observed in ALPS-FAS patients com pared with the 0.099 
expected (O/E  =  61; 95% CI  =  22-132). Both O/E ratios were highly 
sig nifi  cant. Standardized inci dence ratio val ues for ALPS-FAS 
patients are 149 and 61 for Hodgkin and non-Hodgkin lym phoma, 
respec tively. All patients with lymphoma had dom i nant-inter fer ing 
FAS muta tions affect ing the death domain except for 1 affect ing 
the extra cel lu lar domain. Because haploinsufficient patients may 
con sti tute almost a fifth of the ALPS pop u la tion, the inci dence 
of lym phoma is even higher among patients with dom i nant- 
inter fer ing muta tions, imply ing that more dis rup tive FAS muta-
tions may con fer a greater pro pen sity to lymphomagenesis.37

APDS/PASLI patients have a higher ten dency to develop 
B-lin e age lym pho mas (12% to 25%) as reported in mul ti ple pub-
li ca tions.44-46 The series of 170 patients with APDS reported from 
the Euro pean Society for Immunodeficiencies (ESID) Registry 
by Maccari et al included 22 malig nant lym pho mas (14%). Lym-
phomas in these APDS patients included 7 Hodgkin lym pho mas, 
10 non-Hodgkin lym pho mas, 1 intes ti nal large B-cell lym phoma 
with plasmablastic dif fer en ti a tion, 1 fol lic u lar lym phoma, 1 large 
B-cell lym phoma, 1 mature T-cell/nat u ral killer–cell lym phoma, 
and 1 lym phoma with out fur ther his to log i cal infor ma tion; 17 of 

Table 1. Cardinal clin i cal and diag nos tic fea tures of ALPS and APDS

Genetic dis ease ALPS APDS

Genes FAS, FASLG, FADD PIK3CD, PIK3R1

Inheritance and pen e trance Autosomal dom i nant (FAS, FADD)
Somatic var i ants (FAS)
Incomplete pen e trance

Autosomal dom i nant
Complete pen e trance

Pathobiology Fas-medi ated apo pto sis Increased PI3Kδ sig nal

Age of onset Median 3 yrs Median 1 yr

Lymphoproliferation Splenomegaly and lymph ade nop a thy Splenomegaly, lymph ade nop a thy, mucosa-asso ci ated  
lym phoid hyper pla sia (air ways and gut)
Nodular lym phoid hyper pla sia

Increased risk of lym phoma Yes (∼10% prev a lence) Yes (∼30% prev a lence)

Immunoglobulins Hypergammaglobulinemia Increased IgM,
hypogammaglobulinemia
Reduced IgA

Immunophenotype No lymphopenia
Elevated DNT cells
Often low class-switched B cells

Lymphopenia
Increased tran si tional B cells
Reduced naïve and class-switched B cells
Increased CD57+/CD8+ T cells

Autoimmune find ings Cytopenias, hep a ti tis, nephri tis, uve itis Cytopenias, enter op a thy, hep a ti tis, cholangitis, bron chi ec ta sis

Infection sus cep ti bil ity Not sig nifi  cant Sinopulmonary infec tions
Chronic her pes viral infec tions
(EBV, CMV)

Biomarkers Elevated serum vita min B12, sFASL,  
and IL-10 lev els

Increased pAkt and S6 phos phor y la tion

Immunomodulatory ther a pies High-dose cor ti co ste roids, IVIG 
mycophenolate mofetil

High-dose cor ti co ste roids, IVIG, and rapamycin

Targeted ther apy mTOR inhib i tor (rapamycin) PI3K delta inhib i tor (leniolisib)

CMV, cyto meg a lo vi rus.
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22 lym phoma cases were pre ceded by chronic benign lymph-
oproliferation. Of note, 10 of 20 lym phoma cases in APDS were 
report edly EBV asso ci ated. Moreover, among the 22 patients 
with APDS who had lym phoma, 4 also had other malig nan cies 
(2 ovary neo plasms; 1 pap il lary renal cell car ci noma; 1 malig nant 
neo plasm of the sub man dib u lar gland). Furthermore, 1 patient 

each with APDS had a B-cell chronic lym pho cytic leu ke mia, 
hepa to cel lu lar car ci noma, breast duc tal car ci noma in situ, pap-
il lary thy roid car ci noma, and rhab do myo sar coma. The median 
age at diag no sis of any malig nancy was 19 years among these 
cohorts of patients. Similarly, 21 of 80 (26%) patients with APDS1 
seen at a sin gle cen ter have been diag nosed with B-cell lin e-

Figure 4. (A–B) (modified from Maccari et al44): overview of PIK3CD disease-causing variants in the ESID registry patients and their 
variant distribution. (C) PIK3R1 variant (modified from Lucas et al39) shows affected APDS2 patients are heterozygous for a PIK3R1 
splice-site mutation that causes an in-frame deletion of exon 11. Protein schematic for p85α, p55α, and p50α isoforms of PIK3R1 
indicating amino acid residue numbers (top), structural domains, region deleted by the patient splice mutation, and the p110-binding 
region. BH, breakpoint cluster region homology; nSH2 and cSH2, N-terminal and C-terminal Src homology 2; PRR, proline-rich 
region; SH3, Src homology 3.

Figure 3. Pathophysiology of PI3Kδ hyperactivity leading to APDS/PASLI. Modified from Cant et al.43 CMV, cytomegalovirus.



132 | Hematology 2024 | ASH Education Program

Figure 5. Illustrative lymph node histopathology in ALPS-FAS. (A) Paracortical expansion, which is typical for ALPS. Arrows point 
to reactive follicles. Lower panel showing higher-power view of the cellular composition of the paracortex, bottom arrow showing 
reactive follicle. (B) Immunohistochemistry showing CD3, CD4, and CD8 stain to highlight presence of double-negative T cells in the 
paracortical expansion. Bottom left panel shows reactive B-cell follicle (CD20).

age malig nant  lym phoma, and more than half of them appear 
to be EBV driven (data presented as per sonal com mu ni ca tion 
from coau thors). Diagnosis of malig nant lym phoma in the back-
ground chronic non ma lig nant lymphoproliferation can be chal-
leng ing for the inex pe ri enced (illus tra tive exam ples shown in 
Figures 5 and 6).

Short-term and long-term man age ment of ALPS  
and APDS/PASLI
ALPS
ALPS was iden ti fied as a genet i cally defined IEI more than  
30 years ago in the 1990s. Its nat u ral his tory has been well 
described; it is char ac ter ized by car di nal clin i cal symp toms 
with well-under stood genetic eti  ol ogy lead ing to treat ment 
rec om men da tions based on its risk fac tors and diag nos tic  
bio mark ers.6,35,37,47,48 Unlike most of the self-lim it ing auto im mune 
cytopenias spo rad i cally seen in hema tol ogy prac tice, multilineage 
cytopenias due to ALPS and other IEIs are often refrac tory and 
remain chronic, as their inherited genetic defect is not going to 
go away. However, no inter ven tion might be indi cated in many 
ALPS patients unless they pres ent with clin i cally sig nifi  cant cyto-
penias, as seen in nearly 30% of the patients. These can be due 
to splenic seques tra tion, bone mar row infil tra tion with non-
ma lig nant lymphoproliferation consisting of clus ter ing islands of  
T and B lym pho cytes, and/or auto im mune periph eral destruc tion 
of blood cells in the retic u lo en do the lial sys tem.

Historically, more ALPS patients have died due to over whelm-
ing sep sis fol low ing sple nec tomy to man age their chronic cyto-
penias than due to any other cause, includ ing malig nan cies 
(Figure 7).37 Hence, cur rent treat ment rec om men da tions for ALPS 

under score the impor tance of avoiding sple nec tomy at any cost, 
spe cifi  cally by long-term use of cor ti co ste roid-spar ing immu no-
sup pres sive agents like mycophenolate mofetil and sirolimus. 
Treatment inter ven tions for ALPS patients at any age should 
include clin i cal work ups for rul ing out malig nan cies as indi cated 
by clin i cal pre sen ta tion of sud den focal enlarge ment of a group 
of lymph nodes with sys temic symp toms. However, rou tine 
annual sur veil lance imag ing with pos i tron emis sion tomog ra phy 
scans and com puted tomog ra phy scans has been found to be 
unhelp ful in the absence of per ti nent clin i cal con text.49 Patients 
most fre quently pres ent with clin i cally sig nifi  cant and refrac tory 
cytopenias in child hood and as young adults. The ini tial man-
age ment of auto im mune cytopenias, includ ing auto im mune 
hemo lytic ane mia, immune-medi ated throm bo cy to pe nia, and 
auto im mune neutropenia in patients with ALPS, is not any dif fer-
ent from man age ment of spo radic immune cytopenias in other 
patient pop u la tions. However, both sple nec tomy and rituximab 
use have been shown to have sig nifi  cant comorbid toxicities 
lead ing to oppor tu nis tic, often fatal pneu mo coc cal sep sis and 
prolonged hypogammaglobulinemia, respec tively. Hence both 
sple nec tomy and rituximab should be avoided in ALPS.50,51

Short-term med i ca tions should include very high-dose intra-
ve nous cor ti co ste roids (doses of methyl pred nis o lone up to 10 
to 30  mg/kg/day may have to be used) and intra ve nous immu-
no glob u lins at immu no mod u la tory doses (IVIG 1 to 2 gm/kg) 
as well as TPO mimetic agents for mod er ate to severe immune 
throm bo cy to pe nia. Both rapamycin and mycophenolate mofetil 
have been suc cess fully used by many cli ni cians as ste roid- 
spar ing long-term mea sures. Rapamycin cer tainly has a bet ter 
effi cacy pro file in terms of ame lio ra tion of lymphoproliferation 
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reflected through shrink age of lymph nodes and spleen size, 
nor mal i za tion of bio mark ers like FC-DNT cells, and serum vita-
min B12 lev els com pared with mycophenolate mofetil if patients 
can tol er ate the asso ci ated tox ic ity.35 Clinicians car ing for these 
patients need to be famil iar with their dis ease course, vig i lant 
for the com pli ca tions, includ ing lym phoma devel op ment, and 
wary of the long-term tox ic ity and accom pa ny ing mor bid ity of 
any phar ma co log i cal inter ven tion they might con tem plate, as 
this should include peri odic mon i tor ing of 24-hour trough lev els 
for rapamycin to adjust the dose in indi vid ual patients, for exam-
ple. The targeted 24-hour nadir trough level of rapamycin should 
range between 7.5 and 15  ng.

APDS/PASLI
As the genetic eti  ol ogy of APDS/PASLI was only dis cov ered and 
published as recently as 10 years ago (2013-2014), its nat u ral his-
tory and treat ment par a digms are still evolv ing from emerg ing 
world wide ret ro spec tive obser va tional stud ies and their pub-
lished reports. Many patients with APDS seem to require immu-
no glob u lin replace ment ther apy and pro phy lac tic anti bi ot ics 
due to hypogammaglobulinemia, lymphoproliferative air way 
dis ease, and repeated sinopulmonary infec tions lead ing to bron-
chi ec ta sis. However, our under stand ing of the nat u ral his tory of 
APDS/PASLI is still lim ited to ret ro spec tive reg is try data, and no 
clear risk fac tors for severe dis ease have been iden ti fied besides 
lymphoproliferation, auto im mune cytopenias, and risk of lym-
phoma.41 Both APDS1 and APDS2 pres ent with some cytopenia 
in 50% to 60% of the patients. Most fre quently noted, grade 4 
cytopenias in APDS1 hap pen to be auto im mune hemo lytic ane-
mia (13%), followed by throm bo cy to pe nia (4%) and neutropenia 

(4%). Almost 50% of the APDS1 patients also pres ent with some 
degree of lymphopenia.

The most prom is ing cur rent ther a peu tic options for APDS/ 
PASLI include the orally bio avail able PI3Kδ inhib i tor leniolisib. 
It was licensed as a targeted treat ment by the FDA in 2023 for 
use in adults and chil dren older than 12 years with APDS/PASLI 
fol low ing suc cess ful com ple tion of a ran dom ized pla cebo- 
con trolled phase 3 clin i cal trial in 31 patients.8,52,53 Leniolisib is 
dis pensed as a 70  mg tab let and has been used as a twice-daily 
oral reg i men since 2016 with no drug-related adverse events.54,55 
Rapamycin and hema to poi etic stem cell trans plan ta tion have 
been used in some patients, though out come data for the lat-
ter include sig nifi  cant risk of stem cell graft fail ure.56 Though it 
is heart en ing to note avail abil ity of targeted treat ment for a rare 
orphan dis ease so soon after its genetic eti  ol ogy was dis cov-
ered, access to early genetic diag no sis in chil dren presenting 
with chronic refrac tory cytopenias and lymphoproliferation is 
imper a tive. The role of stan dard of care and use of these ther a-
pies in the long-term man age ment of patients with APDS remains 
to be deter mined. Any of these inter ven tions and their poten tial 
side effects must be bal anced against the risks of the evolv ing 
nat u ral dis ease course. It will be inter est ing to see in the future 
how targeted treat ment with PI3Kδ inhib i tors will impact the 
long-term evo lu tion of dis ease man i fes ta tions, includ ing end- 
organ dam age in APDS/PASLI.44

Recent results of a phase 3 trial and long-term out come 
data using PI3Kδ inhib i tors like leniolisib show prom is ing 
effi cacy, espe cially regard ing the lymphoproliferative dis-
ease com po nent of the dis ease, with a very good safety 
pro file.7,8,43,54,55 The poorer prog no sis for pedi at ric patients 

Figure 6. Illustrative lymph node histopathology in APDS1. (A) Arrow is pointing toward the germinal centers identified by the pres-
ence of larger cells and numerous tangible body macrophages. (B) Circle defines the germinal centers with a rim of small lymphocytes 
with condensed chromatin (T cells). (C) CD3 and CD20 images showing out circle of monocytoid B cells (CD20). (D–E) Another feature 
that is often seen as marked plasmacytosis, like in this case with kappa greater than lambda (in tissue the ratio can be up to 4:1). ISH, 
in situ hybridization.
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with early dis ease onset iden ti fied in published ESID reg is-
try cohorts high lights the impor tance of early diag no sis and 
implementing col lab o ra tive mul ti cen ter clin i cal tri als using 
targeted ther a peu tics in rare dis eases involv ing youn ger 
patients with IEIs (such as the recently implemented leniolisib 
clin i cal trial in Pediatric Patients Aged 4 to 11 Years With APDS; 
NCT05438407). Moreover, par a digms learned from man ag ing 
patients with rare genetic dis or ders like ALPS and APDS can 
be applied in streamlining the ther a peu tic strat e gies in the 
broader group of IEIs with cytopenia and lymphoproliferation. 
These con di tions include CHAI (CTLA4 haploinsufficiency with 
auto im mune infil tra tion; CTLA4 haploinsufficiency), LATAIE 
(LRBA defi ciency with autoantibodies, reg u la tory T-cell 
defects, auto im mune infil tra tion, and enter op a thy; LRBA 
muta tions), RALD (Ras-asso ci ated auto im mune leukoprolif-
erative dis or der; MAPK path way muta tions), mono genic ear-
ly-onset lymphoproliferation and auto im mu nity due to STAT3 
gain-of-func tion syn dromes, and many oth ers, as new genetic 
dis or ders of the immune sys tem are dis cov ered reg u larly.57-59

However, the main stay of treat ment for auto im mune cyto-
penias in the clinic over the years has remained empir i cal and 
con sists of the trinity of cor ti co ste roids, immu no glob u lin 
infu sions (both in use since the 1950s), and B-cell deple tion 
ther apy with rituximab (in clin i cal use since 1997) and their 
asso ci ated short- and long-term toxicities.60,61 Phase 3 ran dom-
ized pla cebo-con trolled clin i cal tri als of targeted ther a pies in 
patients presenting with auto im mune cytopenias in orphan dis-
eases are imper a tive and remain the crit i cal unmet need today. 
There is sub stan tial clin i cal over lap, yet their molec u lar driv-
ers of lymphoproliferation and auto im mu nity are dis tinct, and 
targeted ther a pies are avail  able for many of these con di tions. 
Unfortunately, in most of them, data dem on strat ing effi cacy of 
targeted ther a pies are based on empir i cal anec dotal reports or 
nonrandomized tri als.59
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