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Abstract 66 

Background: X-linked inhibitor of apoptosis (XIAP) deficiency is a rare, primary 67 

immunodeficiency disease caused by XIAP gene mutations. A broad range of 68 

phenotype, severity, and age of onset present challenges for patient management. 69 

Objective: To characterize the phenotype, treatment, and survival outcomes of XIAP 70 

deficiency and assess parameters influencing prognosis. 71 

Methods: Data published from 2006-2020 were retrospectively analyzed.  72 

Results: 167 patients from 117 families with XIAP deficiency were reported with 90 73 

different mutations. A wide spectrum of clinical features were seen, of which 74 

hemophagocytic lymphohistiocytosis (HLH) and inflammatory bowel disease (IBD) 75 

were the most common. Patients frequently developed multiple features with no clear 76 

genotype–phenotype correlation. 117 patients were managed conservatively and 50 77 

underwent hematopoietic stem cell transplantation (HSCT), with respective overall 78 

survival probabilities of 90% and 53% at age 16 years. The predominant indication for 79 

HSCT was early-onset HLH. Active HLH and myeloablative conditioning regimens 80 

increased HSCT-related mortality, although HSCT outcome was much better after 81 

2015 than before. For conservatively managed patients reaching adulthood, survival 82 

probabilities were 86% at age 30 years and 37% by age 52 years, with worse 83 

outcomes for patients developing the disease before the age of 5 years or with new 84 

disease features in adulthood. 9 asymptomatic mutation carriers were identified with 85 

a median age of 13.5 years. 86 

Conclusions: Our study demonstrates the variable nature of XIAP deficiency which 87 

evolves over life for individual patients. Better therapeutic strategies and prospective 88 
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studies are required to reduce morbidity and mortality and improve decision-making 89 

and long-term outcomes for patients with XIAP deficiency. 90 

Keywords: XIAP deficiency, HLH, IBD, HSCT, conservative treatment, adult 91 
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Capsule Summary 95 

 96 

The presentation and evolution of XIAP-deficiency is variable between individuals 97 

and associated with substantial morbidity and mortality, highlighting the need for 98 

additional studies of disease pathogenesis and therapeutic options. 99 

 100 

 101 

Keywords: 102 

Primary Immunodeficiency, X-linked inhibitor of apoptosis, phenotype, therapy, 103 

survival outcomes 104 

 105 

 106 

Abbreviations: 107 

AICD Activation-induced cell death 108 

ARDS Acute respiratory distress syndrome 109 

BIRC4 Baculoviral inhibitor of apoptosis repeat-containing protein 4 110 

CMV Cytomegalovirus 111 

EBV Epstein-Barr virus 112 

GVHD Graft versus host disease 113 

GI  Gastrointestinal 114 

HG  Hypogammaglobulinemia 115 

HHV-6 Human Herpesvirus 6 116 
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HLH Hemophagocytic lymphohistiocytosis 117 

HSCT Hematopoietic stem cell transplantation 118 

HSV Herpes simplex viruses 119 

IBD  Inflammatory bowel disease 120 

IVIG Intravenous immunoglobulin 121 

MAC Myeloablative conditioning 122 

MAPK Mitogen-activated protein kinase 123 

MMF Mycophenolate mofetil 124 

MOF Multisystem organ failure 125 

NF-κB Nuclear factor kappa-light-chain-enhancer of activated B cells 126 

NOD2 Nucleotide Binding Oligomerization Domain Containing 2 127 

PID  primary immunodeficiency 128 

RIC  Reduced intensity conditioning 129 

SCIG Subcutaneous immunoglobulin 130 

SM  Splenomegaly 131 

TNF Tumor necrosis factor 132 

VOD Veno-occlusive disease 133 

XLP X-linked lymphoproliferative disease 134 
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XLP-2 X-linked lymphoproliferative disease type 2 135 

XIAP X-linked inhibitor of apoptosis 136 

5-ASA 5-aminosalicylic acid 137 

 138 

 139 

Clinical Implications  140 

XIAP deficiency may present to a range of pediatric and adult specialties making 141 

better awareness of this condition a priority. Accurate diagnosis enables specific 142 

therapeutic options such as hematopoietic stem cell transplantation.  143 

  144 

Jo
urn

al 
Pre-

pro
of



Yang | 9 

 

Introduction 145 

X-linked inhibitor of apoptosis (XIAP) deficiency, also called X-linked 146 

lymphoproliferative disease Type 2 (XLP2), is a rare, primary immunodeficiency (PID) 147 

caused by XIAP (formerly BIRC4)  gene mutations1. The BIRC4 gene encodes the 148 

XIAP protein that is critical for multiple cell responses, not only preventing cell death 149 

by directly inhibiting caspase activities, but also regulating NOD2-dependent NF-κB 150 

and MAPK activation by its ubiquitin ligase activity2–7. Reduced or absent XIAP 151 

expression has been shown to enhance apoptosis, reduce autophagy, and interrupt 152 

NOD2-mediated inflammatory signaling with impact on both innate and adaptive 153 

immunity2,3,8–12. XIAP deficiency in humans was first identified in 2006 as a novel 154 

genetic disorder causing immunodeficiency, and since then more than 100 affected 155 

individuals have been reported worldwide, broadening the clinical picture1,10,13–61. 156 

Earlier reports were dominated by severe phenotypes associated with 157 

hemophagocytic lymphohistiocytosis (HLH), splenomegaly, and inflammatory bowel 158 

disease (IBD). The variability of the disease condition has become more apparent with 159 

increased reporting. The diversity of disease phenotype, breadth of severity (which 160 

can be from asymptomatic to fatal), and unpredictable onset between early infancy to 161 

adulthood, present significant challenges for decision-making in patient management.  162 

Allogeneic hematopoietic stem cell transplant (HSCT) has been recognized as the only 163 

curative treatment for XIAP deficiency and is most often used in pediatric patients 164 

presenting with severe HLH and/or IBD. However, due to relatively high transplant 165 

related mortality in some described cohorts, conservative treatment has been 166 

preferred for patients with milder disease phenotypes, or older age21. No systematic 167 

studies have been performed to compare the survival outcomes of transplanted and 168 

conservatively managed patients in childhood or adulthood and so uncertainty remains 169 
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around timing and patient selection for HSCT. Therefore, we conducted this 170 

retrospective study of published cases to better understand the disease course of 171 

patients with XIAP deficiency and the impact of treatment.   172 

  173 
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 174 

Methods 175 

We collected retrospective data published from 2006-2020 in electronic databases - 176 

PubMed by using the following search terms: X-linked inhibitor of apoptosis protein, 177 

XIAP, X-linked inhibitor of apoptosis protein deficiency, XIAP deficiency, BIRC4 178 

deficiency, XIAP mutations, BIRC4 mutations, mutations in XIAP, mutations in BIRC4, 179 

XIAP variant, BIRC4 variant, and X-linked lymphoproliferative syndrome (XLP). In this 180 

study, a total of 167 patients using our searching items were included to summarize 181 

clinical features, genetic mutations, treatments, and survival outcomes. All studies 182 

were analyzed to identify duplicate patients based on mutation, pedigree, and clinical 183 

phenotype details and duplicate patients were excluded from analysis. Female carriers 184 

were excluded.  185 

Clinical presentations were classified into HLH, IBD, HLH-independent splenomegaly, 186 

hypogammaglobulinemia, infections, fevers, non-abscesses skin symptoms, 187 

autoimmune disorders, liver disorders, and other less common features. Partial HLH 188 

that fulfilled less than 5 of 8 diagnostic criteria of HLH-200462 was classified into 189 

“others”. Splenomegaly was considered to be HLH-independent only in patients who 190 

were not described to subsequently develop HLH.  191 

We performed Kaplan-Meier analysis using GraphPad Prism 9 to estimate the overall 192 

survival probabilities of patients with XIAP deficiency and used the log-rank test to 193 

compare survival between groups. Student’s t-test was used to compare the frequency 194 

of certain phenotypes and age at onset between groups. P-value < 0.05 was 195 

considered to be statistically significant. 196 

  197 
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Results 198 

Clinical, genetic, and molecular phenotypes in XIAP deficiency 199 

To date, 51 reports describing 167 individuals from 117 families carrying XIAP 200 

mutations were identified using our search strategy (Table E1)1,10,13–61. While HLH and 201 

IBD were most common (60% and 30% of patients respectively), a wide spectrum of 202 

other clinical features were reported, including infections (19%), HLH-independent 203 

splenomegaly (14%), hypogammaglobulinemia (13%), liver disease (13%), 204 

autoimmune disorders (9%), fever (8%), dermatologic symptoms (2%), and other less 205 

common features (19%) (Figure 1A). HLH typically occurred earlier than other 206 

manifestations, with a median age of onset of 2.5 years (range 0-28 years) (Table E2). 207 

HLH was often triggered by EBV infection (37/100, 37%) and in a small number of 208 

cases, other herpes viruses were reported (CMV n=4; HHV-6 n=2; HSV-1 n=1). Other 209 

features of XIAP deficiency displayed a wide range in age of onset, although skin 210 

manifestations (including abscesses and non-infectious presentations) and 211 

autoimmune complications typically occurred outside early childhood (Figure 1B and 212 

Table E2). For patients with clinical manifestations, 88 patients (52%) were reported 213 

to have more than one distinct phenotype throughout their life (Figure 1C). Nine 214 

asymptomatic individuals identified because of other symptomatic family members 215 

were reported (Figure 1C). 216 

The most common features at first presentation were HLH and IBD (56% and 20% 217 

respectively; Figure 1D). Other features presented first in a significant minority of 218 

patients: splenomegaly (13%), infections (7%), hypogammaglobulinemia (4%), 219 

autoimmune disorders (3%), fevers (3%), liver diseases (1%), and other less common 220 
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phenotypes (5%). For some patients (12/167, 7%), the first presenting symptom was 221 

reported to occur in adulthood (>/=16 years of age) (Figure 1E).  222 

Ninety different mutations in XIAP were described in identified reports including 34 223 

frameshift mutations, 23 missense mutations, 13 deletions of exons / amino acids, 16 224 

nonsense mutations, and 4 splice-site mutations (Figure 2, Table E1). Mutations 225 

distribute throughout the entire gene and all five domains of the encoded protein. Eight 226 

mutations including R381X, R238X, R222X, N341YfsX348, K299LfsX307, 227 

Q332EfsX347, E349del, and R443H, were frequently detected in more than three 228 

families. Although there was no overall genotype-phenotype correlation, E349del was 229 

notable for presentation with primary hypogammaglobulinemia (3/3). 230 

XIAP protein expression was determined in 63 patients, with 59% demonstrating 231 

absent protein expression, 17% demonstrating significantly reduced protein 232 

expression, 14% demonstrating moderately reduced expression and 10% patients 233 

having slightly reduced or equivalent expression to health controls (Table E3). There 234 

was no significant difference in the number of clinical features seen in patients with 235 

residual vs absent XIAP expression (Figure 3A). Although patients with absent 236 

expression presented earlier than those with residual protein (median age, 2.5 vs 4.5 237 

years) this did not reach statistical significance in this cohort (Figure 3B). Early age of 238 

splenomegaly onset significantly correlated with absent XIAP expression (p=0.01, 239 

Figure 3C) but no other significant correlations were seen for clinical features and 240 

XIAP expression. 241 

We specifically examined 35 patients identified with missense mutations, resulting in 242 

variable expression of XIAP protein (reported to range from normal to absent). There 243 

was no difference in the most common presenting features (HLH and IBD), overall 244 

survival, age of onset, or severity (11/35 underwent HSCT at a median age of 5 years, 245 
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range 0.4-15) in the missense group comparing with the patients bearing other types 246 

of loss-of-function (LOF) mutations (of whom 39/132 underwent HSCT at a median 247 

age of 3.5 years, range 0.4-21) (Supplementary Figure 1).  248 

HSCT outcomes in XIAP deficiency  249 

Out of 167 patients, 50 (30%) underwent HSCT (age range 0.7-19 years, median 5 250 

years), including 30 with HLH, 11 with IBD, 7 with both HLH and IBD, 1 with aplastic 251 

anemia and 1 asymptomatic individual (Figure 4A and 4B, Table E4). Post-transplant 252 

follow-up was reported for 43/50 (range 13-1387 days, median 330 days post-HSCT) 253 

(Figure 5A). Overall survival was significantly better (p=0.02) for patients with IBD or 254 

IBD+HLH recorded as an indication for HSCT than patients transplanted for HLH 255 

(Figure 4B, Figure 5B). Overall mortality for patients managed with HSCT was high 256 

(15/50, 30%) and negatively impacted by active HLH at the time of HSCT (p=0.03, 257 

Figure 5C). Reduced intensity conditioning (RIC) mainly consisting of fludarabine and 258 

melphalan significantly improved outcomes (p= 0.04) compared with myeloablative 259 

conditioning (MAC) regimens for patients with HLH as the indication for HSCT, as 260 

previously described21 (Figure 5D). Both RIC and MAC achieved good outcomes in 261 

patients with IBD as the indication for HSCT, although numbers are small (Figure 5E). 262 

There was no significant impact of age of onset or residual XIAP protein on HSCT 263 

outcomes (Figures 4C and 4D). Overall survival following HSCT in 22 patients (12 264 

HLH, 6 IBD, 3 HLH+IBD, and 1 aplastic anemia) reported after 2015 was significantly 265 

improved compared with 28 patients (18 HLH, 5 IBD, 4 HLH+IBD, and 1 asymptomatic) 266 

reported before 2015 (p=0.06, 89% vs 41% at 1350 days post-HSCT, Figure 5F). The 267 

majority of transplant survivors were reported to be well at last follow-up (Table E4), 268 

with only a few patients developing limited GVHD. Fifteen deaths following HSCT 269 

(15/50, 30%) were due to recurrent HLH, GVHD, severe bacterial/fungal infections, 270 
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respiratory failure, cardiac toxicity, multisystem organ failure (MOF), veno-occlusive 271 

disease (VOD), acute encephalitis, acute respiratory distress syndrome (ARDS), and 272 

‘cytokine syndrome’ (Table E4). Only one asymptomatic patient (P15, Table E1) 273 

underwent MAC-HSCT at 4 years of age but died at +247 days after transplantation 274 

due to fungal septic thrombosis of the pulmonary veins and artery13,21.    275 

Outcomes for conservative management in XIAP deficiency  276 

117/167 (70%) patients were managed conservatively without HSCT (age range 0.1-277 

54 years, median 13 years), of whom 105 had long term outcome data recorded. The 278 

clinical features of conservatively managed patients included HLH without IBD (54, 279 

47%), IBD (20, 17%), HLH and IBD (9, 8%), other manifestations in 25 (21%), and 8 280 

without clinical presentations (7%). Age of disease onset was significantly older for 281 

conservatively managed patients compared with those undergoing HSCT (4 vs 1.3 282 

years, p=0.01) (Figure 4E). 283 

Treatment, where recorded, varied considerably both within and between groups with 284 

specific clinical phenotypes. For the conservatively managed group of 54 patients 285 

presenting with HLH without IBD, steroids (dexamethasone/prednisolone) were used 286 

alone or in combination with other drugs including immunoglobulin, biologics (anti-287 

CD20 antibody, anti-CD52 antibody, and TNF inhibitor), etoposide, and cyclosporin A. 288 

Insufficient information was recorded to determine response rates to individual 289 

treatments. Overall, 49/54 survived (86%) at a median age of 10 years (range 0.2-39 290 

years) and a median time of 4 years after diagnosis (range 0-27 years). Among the 291 

survivors, 23 were reported to be alive and well, although 6 patients were still treated 292 

with immunosuppressive drugs or anti-CD20 antibody. Five (9%) patients died due to 293 

complications resulting from HLH at a median age of 1 year (range 0.1-20 years) and 294 
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all died within one year after diagnosis. Reasons why this group did not undergo HSCT 295 

were not recorded. 296 

Conservative management of 20 patients with IBD (without HLH) consisted of some 297 

combination of steroids, 5-ASA, cyclosporin A, cyclophosphamide, azathioprine, 298 

thalidomide, tacrolimus, anti-CD20 antibody, anti-TNF-α antibody, and mycophenolate 299 

mofetil (MMF). In addition, 5 patients required surgical treatments including colectomy 300 

and ileostomy. With conservative treatment, 16/20 patients were alive (80%) at a 301 

median age of 17 years (range 1-39 years) and a median time of 14.5 years after 302 

diagnosis (range 0-30 years). However, 14/18 had chronic gastrointestinal symptoms, 303 

refractory to treatment. Four patients died due to severe IBD complications (20%), at 304 

a median age of 21.5 years (range 4-54 years) and a median time of 18.5 years after 305 

diagnosis (range 0-38 years).  306 

10 patients with both HLH and IBD were treated conservatively with drugs (some 307 

combinations of steroids, 5-ASA, anti-TNF, and immunosuppressants) with or without 308 

bowel surgery. 8/10 (80%) survived at a median age of 10 years (range 3-32 years) 309 

and a median time of 6.7 years after diagnosis (range 1.6-22 years); 2 (20%) died at 310 

age of 7 years and 42 years due to colitis and pulmonary edema, respectively.  311 

Conservative treatment for other phenotypes of XIAP deficiency was reported for 25 312 

patients. Intravenous or subcutaneous immunoglobulin replacement therapies (IVIG 313 

or SCIG) were commonly used in patients with primary hypogammaglobulinemia or 314 

secondary to immunosuppressive therapies. Infections were managed with 315 

intermittent or prophylactic antibiotics. Local steroid treatment for uveitis was reported 316 

in one case. Three patients with splenomegaly underwent splenectomy and one had 317 

an unsuccessful trial of sirolimus. In addition, one patient with liver failure underwent 318 
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liver transplantation. In total, 21/25 (84%) of conservatively managed patients with 319 

other phenotypes were alive at a median age of 16 years (range 2.3-46 years) and a 320 

median time of 14 years after diagnosis (range 1-42 years). 4/25 (16%) died due to 321 

partial HLH (at age 2.5 years), liver failure (29), pneumonia (52), and pneumorrhagia 322 

(age unknown), respectively. Eight asymptomatic patients were reported to be alive 323 

without any disease symptoms and no treatment at a median age of 14 years (range 324 

9-46 years). 325 

Overall, survival probabilities were not significantly different for conservatively treated 326 

patients with HLH, IBD, HLH+IBD, or others (Figure 4F), but were significantly worse 327 

for patients presenting at less than 5 years of age compared with later presentation 328 

(Figure 3G, p=0.04). Residual XIAP expression did not affect the outcome for the 329 

conservatively managed group (Figure 4H). 330 

XIAP in adulthood 331 

To understand the natural history and survival of patients with XIAP deficiency who 332 

reach adulthood (>/=16 years of age), we identified 53 patients reported at or after 16 333 

years of age. Clinical features reported in adult patients included HLH (22/53, 42%), 334 

IBD (19/53, 36%), HLH-independent splenomegaly (17/53, 32%), infections (17/53, 335 

32%), hypogammaglobulinemia (10/53,19%), liver disease (8/53, 15%), autoimmune 336 

disorders (5/53, 9%), fever (5/53, 9%), skin manifestations (1/53, 2%), and other less 337 

common phenotypes (8/53, 15%) with a wide range in age of onset (Figure 6A, B). 338 

There was no significant difference in the frequency of individual features observed in 339 

adults compared with pediatric patients (Figure 6A). 34/53 (65%) patients had more 340 

than one features over the lifetime (Figure 6C). 23/53 (43%) patients developed one 341 

to four new additional features in adulthood (Figure 6D).  342 
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Only 5/53 adult patients with XIAP deficiency were reported to have undergone HSCT 343 

in or before adulthood (age range 15.5 -19 years) for a range of indications including 344 

HLH，IBD, and aplastic anemia. All five were reported to be alive and well (Table E5).  345 

The majority 48/53 (91%) of adults with XIAP deficiency were conservatively managed 346 

(Table E6). Of these, 14/48 (29%) were reported to have had a range of manifestations 347 

in childhood (most commonly HLH) but were symptom free in adulthood. All of this 348 

group were reported to be alive and well. 9/48 (19%) patients had developed 349 

symptoms in childhood that were persistent/recurrent in adulthood (6 IBD, 1 HLH, 1 350 

partial HLH, and 1 hypogammaglobulinemia) and of this group one patient died from 351 

fulminant colitis. 10/48 (21%) patients had disease onset in childhood with new 352 

features in adulthood and of this group, 3 patients died from colitis (2 patients at the 353 

age of 27 years and 42 years) and liver failure (29 years). Importantly, 12/48 (25%) 354 

patients had their first symptoms of XIAP deficiency at or after the age of 16 years of 355 

which 3 died from HLH (age 20 years) and pneumonia (2 patients at age 52 years and 356 

54 years). Three asymptomatic individuals were reported to be well and without 357 

treatment (age 18, 21, and 46 years). The overall survival proportions for 358 

conservatively managed XIAP deficiency in adulthood was 86% at age 30 years and 359 

37% at age 52 years (Figure 6E). Worse overall survival was observed in patients 360 

developing new disease features in adulthood (33% at 30 years) in comparison to 361 

other adult patients including those with no active symptoms in adulthood (100% 362 

during age 16 to 43 years), with recurrent symptoms in adulthood (88% during age 16 363 

to 41 years) or with first symptoms in adulthood (90% during age 20 to 46 years) 364 

(Figure 6F). Residual XIAP expression did not impact the overall survival for the 365 

conservatively managed adult patients (Figure 6G).  366 
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Discussion 367 

Our study characterizes phenotype, genotype, treatment, and the survival outcome of 368 

167 patients identified with XIAP deficiency based on retrospective data published 369 

worldwide 2006 -2020. The clinical picture of XIAP deficiency is evolving beyond the 370 

well characterized high frequency of HLH and IBD-associated features to include other 371 

less common features such as infections, liver disease, hypogammaglobulinemia, 372 

fever, HLH-independent splenomegaly, skin manifestations, and autoimmune 373 

disorders. Initial presentations vary between patients and new symptoms arise over 374 

time from birth to adulthood. This emphasizes the importance of awareness of XIAP 375 

deficiency across clinical specialties and of genetic screening for XIAP mutations in 376 

multiple disease cohorts, both in pediatric and adult patients. 377 

A wide spectrum of XIAP mutations have been reported to date1,10,13–61. There is no 378 

clear genotype-phenotype correlation, as patients carrying the same mutations 379 

presented with variable phenotypes. An exception may be the E349del mutation, 380 

which was observed in patients presenting with primary hypogammaglobulinemia and 381 

has previously been associated with a lower percentage of memory B cells and IgG 382 

production compared with other mutations35. Whether other mutations play a 383 

pathogenic role in HLH or IBD development requires further investigation. Missense 384 

mutations did not appear to confer a less severe phenotype or predict improved 385 

outcome, although the number of patients with missense mutations was relatively 386 

small (35/167) and future studies with larger cohorts should reassess this. Some 387 

mutations preserve partial protein expression, but this was not associated with better 388 

survival compared with absent protein. Future studies aimed at correlating protein 389 

function with phenotype and survival may be more informative for prognostication than 390 

a simple assessment of protein level. A number of different assays to assess protein 391 
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function have been reported in XIAP deficiency13,17,20,22,28,31,35,37,46,52,63,64. In contrast 392 

with other genetic forms of HLH, CD8+T cell cytotoxicity and NK cell function have 393 

both been reported to be normal in XIAP deficiency13,20,63. The most consistent findings 394 

are increased activation-induced cell death (AICD) in T cells reported in most patients 395 

in multiple studies17,22,46,63, impaired NOD2 pathway signaling in more recent 396 

publications43,46,50,64,65, and elevation of IL-18 levels in patients with XIAP deficiency-397 

associated HLH28. Other tests reported gave variable results including assessment of 398 

T-cell Fas-mediated apoptosis (increased or normal13,22,25,43,46,63) and measurement of 399 

peripheral blood iNKT cell populations (low or normal13,18,31,63). 400 

The majority of patients reported in the literature with XIAP deficiency have been 401 

managed conservatively with a significant minority (mainly in children with HLH) 402 

undergoing HSCT as a potentially curative option. While HLH is typically life-403 

threatening, it can also occur in XIAP deficiency as a milder, recurrent form15,16,22. This 404 

confounds retrospective comparison of HSCT and conservatively managed groups for 405 

HLH from published data, as reports frequently lack details of HLH severity. HLH 406 

managed with HSCT was associated with high transplant-related mortality, especially 407 

in the context of myeloablative conditioning or failure to achieve remission of HLH at 408 

the time of transplant, as previously described21. Our data demonstrates a significant 409 

difference in the probability of survival following HSCT for cases reported after 2015 410 

compared with before (89% vs 41% at 1350 days post-HSCT), highlighting the impact 411 

of changing practice to achieve full control of HLH activity before transplantation and 412 

the use of RIC conditioning protocols21,44. In contrast to HLH, only a limited number of 413 

patients who developed IBD-associated features responded well to conservative 414 

treatment and the majority were resistant to therapy and suffered from refractory 415 

features throughout their life. By contrast, limited data have shown an excellent 416 
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response to HSCT with 7/8 transplanted patients surviving without reports of IBD 417 

recurrence. This data supports the use of HSCT as a curative option in patients with 418 

XIAP-associated IBD.  419 

A key question that initiated this study is whether patients with XIAP deficiency who 420 

survive to adulthood have subsequently reduced survival. This is of particular 421 

importance as HSCT has until recently only rarely been offered to adults with PID 422 

(including XIAP deficiency) on the basis that patients presenting later may have less 423 

severe disease in addition to worse outcomes following HSCT. Of the group of 48 adult 424 

patients with conservatively managed XIAP currently described, overall survival 425 

probabilities are 86% at age 30 years and 37% at age 52 years. Deaths were more 426 

often reported in patients who developed new symptoms in adulthood than in those 427 

who developed symptoms in childhood. The causes of death in adulthood were wide 428 

ranging including HLH, IBD, liver failure, and infection. These data demonstrate that 429 

XIAP-deficiency in adulthood is frequently severe in phenotype, requiring aggressive 430 

therapy and careful monitoring. Improved outcomes following HSCT for adults with 431 

PID in general63 should encourage clinicians to consider this option for adults with 432 

XIAP who are not responding well to conservative management. Although not 433 

specifically addressed in this study, the accumulation of different disease features over 434 

time in adults living with XIAP deficiency suggests worsening quality of life and the 435 

impact of symptoms and treatment on well-being, education and employment should 436 

be addressed in future prospective studies. The application of a standardized disease 437 

activity measure, such as the immune deficiency and dysregulation activity score 438 

(https://esid.org/Working-Parties/Registry-Working-Party/Studies/IDDA-Score) would 439 

be helpful for comparison of future cohorts. 440 
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Our study has a number of weaknesses. The overall number of reported cases of XIAP 441 

is small which is likely to be compounded by both failure to report and failure to 442 

diagnose all patients with XIAP, introducing bias to the analysis. The retrospective 443 

nature of data collection from previously published studies means that full and 444 

comparable data sets were not recorded for all patients. Times from disease onset to 445 

diagnosis or specific events were often not clear, making estimates of diagnostic delay 446 

and event-free survival impossible. The long timespan over which patients were 447 

treated may overestimate poor outcomes from older therapeutic approaches. In 448 

particular, substantial improvements over time have been achieved in HSCT outcomes 449 

for PID in general63, and in the management of HLH, both of which are likely to impact 450 

more recent XIAP cohorts. We were unable to assess the relative benefits of different 451 

modes of conservative therapy, which would be an important focus for further studies 452 

particularly as new therapies emerge targeted at pathogenic mechanisms of XIAP 453 

deficiency (for example anti-IL18 approaches for IL18 mediated inflammation 454 

(https://clinicaltrials.gov/ct2/show/NCT03113760). Furthermore, the frequency of 455 

asymptomatic XIAP-deficiency may be under-estimated. Our data suggests that 456 

asymptomatic carriers of pathogenic mutations identified as relatives of index cases, 457 

should be monitored carefully for the development of disease. Based on current 458 

information, the risk of pre-emptive curative treatment with HSCT, would rarely be 459 

justified. 460 

In conclusion, our retrospective study demonstrates the variable nature of XIAP 461 

deficiency, which evolves over life for individual patients. Reduced survival is seen with 462 

both conservatively and HSCT-managed groups highlighting the need for improved 463 

therapy for this disease. Early age at onset, development of new features in adulthood, 464 

active HLH at the time of transplant, and MAC regimen for patients with HLH were 465 
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associated with poorer outcomes. Adults with XIAP deficiency continue to accumulate 466 

life-threatening complications and the paucity of HSCT data for this group complicates 467 

decision-making for adults with severe manifestations of the disease. Our study is 468 

limited by its retrospective nature and wide time span of collected data, which may not 469 

capture improvements in outcome achieved through better awareness and treatment 470 

in more recent years. Further prospective studies capturing detailed information about 471 

phenotype, treatment, and quality of life are required for clinicians and patients to 472 

make informed decisions, to establish treatment guidelines, and to drive new 473 

therapeutic approaches to improve the long-term outcome of patients with XIAP 474 

deficiency. 475 

  476 
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Figure Legends 477 

Figure 1. Clinical presentation and age of onset reported in XIAP deficiency.      478 

(A-B) Clinical features and corresponding age of onset presented in patients with XIAP 479 

deficiency. *SM, HLH-independent splenomegaly; HG, hypogammaglobulinemia; 480 

*Liver, liver disorders, including hepatitis, liver dysfunction, and liver failure; *Skin, 481 

symptoms without abscesses. (C) Number of features developed in each individual. 482 

(D-E) Initial features and corresponding age of onset presented in patients. *Others, 483 

including rare cases of partial HLH, diarrhea, hypersplenism, nodular lung disease, 484 

granulomatous and lymphocytic interstitial lung disease, failure to thrive, seizure, 485 

ventricular septal defect, facial palsy, encephalitis, IgA vasculitis, organ failure, and 486 

malignant tumor. **Others, including partial HLH, skin rash, severe diarrhea, renal 487 

failure, leukocytosis and thrombocytopenia, and neutropenia. 488 

 489 

Figure 2. Genetic findings in XIAP deficiency.  490 

The location of mutations causing exon deletions are indicated by horizontal lanes. 491 

The location of missense mutations, frameshift, nonsense mutations, deletions, and 492 

splice-site mutations are indicated by vertical lanes. In brackets, the number of 493 

patients and main features including HLH and/or IBD presented in those patients 494 

carrying same mutations are listed.  495 

 496 

Figure 3. Correlation between clinical features and XIAP expression.  497 

(A) Correlation between the expression level of XIAP protein and number of distinct 498 

features developed in patients through their whole life. (B) Correlation between the 499 
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expression level of XIAP protein and age of onset. (C) Correlation between the 500 

expression level of XIAP protein and age at onset of certain phenotypes. 501 

 502 

Figure 4. Overall survival in XIAP deficiency and its association with treatment, 503 

phenotypes, age at onset, and XIAP expression.  504 

(A) Kaplan-Meier survival analysis of patients managed conservatively or with 505 

hematopoietic stem cell transplantation (HSCT). (B-D) Association of overall survival 506 

(OS) with clinical features, age of onset and XIAP expression in transplanted patients. 507 

(E) Correlation between age at onset and type of treatment. (F-H) Association of OS 508 

with clinical features, OS with age of onset, OS with XIAP expression in conservatively 509 

managed patients. *P <0.05.  510 

 511 

Figure 5. Overall survival of transplanted patients with XIAP deficiency and its 512 

association with phenotypes, age at onset, and XIAP expression.  513 

(A) Kaplan-Meier survival analysis of patients with XIAP deficiency who underwent 514 

HSCT. (B) Survival analysis of patients presenting with distinct phenotypes. (C) 515 

Survival comparison of HLH activity before transplantation. (D) Survival comparison 516 

of RIC and MAC regimens used in patients transplanted for HLH. (E) Survival 517 

comparison of RIC and MAC regimens patients transplanted for IBD. (F) Survival 518 

comparison of transplant time (reported before or after 2015). *P <0.05.  519 

 520 

Figure 6. Characterization of adult patients with XIAP deficiency.  521 

Jo
urn

al 
Pre-

pro
of



Yang | 26 

 

(A) Percentage of clinical features presented adult and pediatric patients. (B) Age of 522 

onset for clinical features in adult patients. (C-D) Number of features experienced over 523 

time in adult patients. (D) Number of new manifestations developed in adulthood. (E-524 

G) Overall survival (OS), association with disease evolution and XIAP expression for 525 

adult patients (not transplanted).  526 

 527 
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E99KfsX129

（7; 2 HLH

5 HLH+IBD)

Del Exon 2

(2 HLH, 2 Others)

E118X

(4; 3 HLH,

1 Others)

Del Exon 6 (2; HLH)

Del Exon 1-5 (2; HLH)

P482R

(1; HLH)

P482fsX508

(2; HLH)

I494N (4;

2 HLH, 1 IBD,

1 IBD+HLH)

G188E

(2; 1 HLH

1 Asym)
Y290fsX294

(1; HLH)

Q333X (1; HLH)

Q104X

(1; HLH)

I379FfsX414

(1; HLH)

D130GfsX11

(4; HLH)

I397NfsX405

(1; HLH)

E434AfsX457

(1; HLH) G466X

(10; 1 HLH

5 IBD, 3 others

1 asym.)

T470S

(1; HLH)

R381X

(6; 4 HLH,

2 IBD)

C203Y

(1; IBD)

R222X

(4; 3 HLH, 1 IBD)

S347Lfs5X

(2; HLH)

W217CfsX27

(2; 1 HLH,

1 Asym)

E349del

(4; 1 HLH,

3 others)

Del Exon 1-2 (2; HLH + IBD)

N341YfsX348

(4; 1 HLH，
1 IBD

2 HLH+IBD)

Q333GfsX347

(2; HLH)

Del Exon 4-6 (1; IBD)

P225Sfs*2

(6; 4 IBD,

2 Others)

E99X

(1; IBD)

K299LfsX307

(5; 3 HLH,

2 Others)

V279TfsX291

(5; 1 IBD,

1 IBD+HLH,

3 Others)

A243AfsX285

(1; HLH)

L207P

(1; HLH)

F462LfsX6

(1; HLH + IBD)

V198M

(1; HLH)

R166I

(1; HLH)

R238X

(6; 3 HLH

1 HLH + IBD,

2 Others)

S253X

(1; IBD)

N119fs384

(1; HLH)

H220Y

(1; HLH+IBD)

Del Exon 1-4 (1; IBD)

C231Y

(1; IBD)

G39C

(1; IBD)

G39A

(1; HLH)

K297T

(1; IBD)

Del Exon 1-6 (2; 1 IBD, 1 HLH)

Del Exon 2-3  (1; HLH)

Del Exon 4

(1; HLH)

Del Exon 3

(1; HLH)

M1V

(1; HLH + IBD)

M1L

（1 Asym,

1 Others)

T30fsX

(1; HLH)

Y75C

(1; HLH)

L189P

(1; IBD)

G304X

(1; HLH +IBD)

T308IfsX23

 (1; HLH)

W317fs318

(1; IBD + HLH)

W317X

(1; HLH)

A321G

(3; 2 Others,

1 Asym)

W323X

(1; IBD)

D367G

(2; 1 HLH,

1 Others)

D368EfsX23

(1; HLH)

R443H

(3; HLH)

A459GfsX472

(1; IBD + HLH)

Q492X

(1; IBD+HLH)

c.1099+1 g>a (1; IBD)  c.1056 + 1 g>a (1; HLH)

c.1099+2  t>c (2; HLH) c.1057-1 g>a (1; IBD)

N89fsX41

(1; HLH+IBD)

D296DfsX12

(1; IBD)

C484S

(2; HLH)

Y485Cfs*8

(1; HLH)

H467Y

(1; HLH)

T270WfsX7 (1; HLH)

R166K

(2 Ohers,

1 Asym)

R49X

(1; IBD)

Q197X

(1; HLH)

C227Y

(1; HLH)

Q283X

(1; HLH)

T270WfsX7 (1; HLH)

I342IfsX353

(1 Asym,

1 Others)

G445Kfs*24

(1 IBD; 1 HLH)

Q418Qfs*23

(1 HLH)
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